Vol. XXXIX August, 1950 No. 8 
SCIENTIFIC EDITION 


OURNAL OF THE 
AMERICAN 


HARMACEUTICAL 
ASSOCIATION 


Justin L. Powers, Editor 


Committee on Publications Editorial Advisory Board 
George D. Beal, Chairman L. W. Busse 

B. V. Christensen John F. Christian 
Robert P. Fischelis T. C. Daniels 

Don E. Francke L. W. Hazleton 

Hugo H. Schaefer E. J. Hughes 


H. W. Youngken, Jr. 


CONTENTS OF THIS ISSUE 


rhe Determination of Alpha-Estradiol and the Other Estrogenic Diols by Infrared Spectrophotometry 425 
Jonas Carol 


A Comparative Study of Oregon and Washington Peppermint (ils 433 
Edward Krupski and Louis Fischer 

Anthelmintic Activity of Fluorine-Substituted Phenols 437 
Melvin F. W. Dunker 

Radio-Frequency Drying of Tablet Granulations. . 441 
H. Bikin, Glenn L. Jenkins, and H. George DeKay 

Studies on Pharmaceutical Powders and the State of Subdivision. IV. The Application of Spray-Drying Techniques to 

Pharmaceutical Powders 444 

S. Riegelman, J. V. Swintosky, T. Higuchi, and L. W. Busse 

Glutarimides I Alkyl-3-methylglutarimides 451 
William S. Benica and Charies O. Wilson 

Glutarimides Il. 3-Methyi-3-alkyl-N alkylglutarimides 44 


William S. Benica and Charles O. Wilson 


Bacterial Pyrogens. I Pyr vmeTiK Preparation from a Psendomonas Species 456 
N. M. Nesset, James McLallen, Paul 7. Anthony, and Leonard G. Ginger 
iad Piperidine Derivatives. I. Preparation of Piperidine-2,6-Dicarboxylic Acid and Its N-Methyl Derivative 4160 
ls-Erikt Andersson and Taito O. Soine 


Piperidine Derivatives II Preparation of 2.6-di-(Alpha-Hydroxybenzyl)-piperidine Hydrochloride and Related 
Compounds 165 
Nils-Erik Andersson and Taito O. Soine 


Concentration of Tetanus Toxoid 466 
ml Morris B. Jacobs and Martha A. Behan 
a Purification of Tetanus Toxoid 469 
Morris B. Jacobs 

The Karl Fischer Titration of Water in Vegetable Drugs 171 


Vorman A. Hulme and Arthur Osol 


Determination of Aspirin, Phenacetin, Caffeine, and Thenylene Hydrochloride 473 
William H. Washburn and Elmer O. Krueger 


Reduction of Triterpene Acids with : eae Aluminum Hydride 475 
Betty Y. T. Wu and Lloyd M. Park 
Comparative Methods of Drying and eae of Datura stramontum Linne 477 
Melvin Rubin and Loyd E. Harris 
\ Note on the Synthesis al C'*-Carboxyl-Labeled Salicylic Acid 479 
H. Georee Mandel and Paul K. Smith 
\ Note on the Determination of Choline in the Presence of Liver Fractions 480 
M. E. Auerbach 
» A Note on the Differentiation between Flavonoid Glycosides and Their Aglucones 480 
t Edwin F. Bryant 
Book Reviews 481 
Advertising Cover pages 2, 3, 4, and pp. I-VI 


Copyright, 1950, by the American Pharmaceutical Association 


J 
| 
| 
P 
” 
| 
7 
. 
ii 


Finer service for you through concentration 


on fewer fine chemicals 


One of our specialties: 


ammonium chloride 


A DUAL-PURPOSE CHEMICAL 


You are served better and in more ways 
when we keep our production of fine chemi- 
cals to less than one hundred. 


Let us see how this applies with regard to 
Ammonium Chloride: 


Concentration enables us to offer Ammo- 
nium Chloride to you as a dual-purpose prod- 
uct. It is physically uniform—made in the 
proper range of particle size to permit 
direct compression into tablet form or to go 
into solutions quickly. This dual-purpose 
feature eliminates duplicate inventories for 


you, and helps reduce your production costs. 


Concentration enables us to offer you an 
Ammonium Chloride whose chemical purity 
is precisely controlled from raw materials 
to finished product. It is produced in stain- 
less steel equipment as an added safeguard 
to purity. 


Whatever your requirements for Ammo- 
nium Chloride—call on Baker. Samples 
and prices will be forwarded gladly upon 
request. Address: Fine Chemical Division, 
J. T. Baker Chemical Co., Phillipsburg, N.J. 


Baker's Chemicais 


AWALYZED FINE 


INDUSTRIAL 
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The NEW MALLINCKRODT Ry BOTTLES 


This pharmacy recently compounded its 1,243,000th prescription. 
The new Mallinckrodt Rx shelf bottles and Mallinckrodt Prescription 
Chemicals perform their vital role in this prescription department. 


You will increase your shelf space 
25% with the 
LOOK AT THESE FEATURES: Mallinckrodt fused label Rx Shelf Bottles 


Save over 4 feet of shelf space on complete set of 100 bottles. | Mail this coupon to your wholesaler today. 
Fused labels—washable—virtually indestructible. 

Bottles sold EMPTY—use chemicals now in stock. MAIL THIS COUPON TO YOUR WHOLESALER TODAY. 
Your choice of 100 available labels. 

Easier to grip—concave sides fit the hand. 

Dual labels—tatin label for display—English for work. 


100 fast moving items chosen from the Prescription Study Of The 
Pharmaceutical Survey. 


[—- 83 Years of Service to Chemical Users 


MALLINCKRODT CHEMICAL WORKS 


Mallinckrodt Street. St. Louis 7. Mo. + 72 Gold Street, New York 8, N. Y. 
Chicago Cincinnati + leveland 
Montreal Philedelphie 


Uniform Dependable Parity 


Cc Zone State 


me ship me complete set of 100 empty New 
allinckrodt Rx Shelf Bottles and bill me $12.00 for 
ame, These will be freight free in the U. S. A. 


() Please send me list of 100 labels available in New 
yr ey Rx Shelf Bottles and order form. (Case 


more and more pharmacies are displaying HO 
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Ou: scales have no bands or wires 
illustrated is ou to match or breck. High quality 


Prescription 
Scale made by 


Price—$190 30.00 (subject to HENRY TROEMNER 
change ) Manufacturer of the Finest 
PROMPT DELIVERY Scales for the Druggist 
on this as well as other class A Since 1840 
a 911 Arch Street 
NG ; $95.00 Philadelphia 7, Pa. 
(Send for Circular) 


COLLEGE OF PHARMACY AND CHEMISTRY 
A co-educational institution offering degree courses in Pharmacy (B.S. Pharm.) and Chemistry (B.S. Chem.). 
Graduation from an accredited high school or the equivalent is required for admission 
Because the College is located in the pharmaceutical manufacturing center, ample opportunities are open to the 
students to become acquainted with the most modern and practical methods. The College, the Alumni, and 
Detroit pharmacists all cooperate to assist students in securing part-time employment. Write for catalog. 


DETROIT INSTITUTE oF TECHNOLOGY 
Witherell Detroit 2 Michigan 
303 Downtown YMCA - _ Circus Park 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the field of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 
hospital, and other facilities for graduate work are outstanding in this 
area. 


The Massachusetts College of Pharmacy is located in a great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in fur- 
ther study in pharmacy, pharmaceutical chemistry, and pharmacognosy. A few fellowships are 
available. 


For additional! information, write to HOWARD C. NEWTON, Dean. 


> . Pharmacy, Chemis- Philadelphia College of 
Bacteriology offer opportunities to young Pharmacy and Science 
men and women to complete baccalaureate z 

courses of study in these elds leading to inter- 
esting and successful careers. Graduate stud- 


ies leading to M.Sc. and D.Sc. degrees offered. 


3rd and Kingsessing Ave., 
Philadelphia 4, Penna. 
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Unegualled fer Precise Research and Analylieal Werk 


THE BECKMAN 
MODEL G 
pH METER 


Unique design and uncompromising 
quality throughout make the Beckman 
Model G pH Meter the unquestioned 
choice for utmost accuracy, versatility and 


leh 
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—to within 0.02 pH! 

The unique electronic circuit used in the 
Model G permits pH to be read directly from a 
large accurately-scaled potentiometer dial. Accu- 
racy of the Model G is entirely independent of 
mechanical variations in a registering meter or of 
changes in the characteristics of the amplifier—a 
very important advantage in precise laboratory 
investigations. 

Moreover, since the sensitivity of this circuit 
reaches a peak at the point of reading—and falls 
off rapidly on either side—the instrument auto- 
matically provides maximum sensitivity at the pH 
value of the’ test sample. No sensitivity switches 
are necessary. 

Built-in temperature compensation that 
automatically corrects for temperature effects over 
the range 10° to 40°C is a further aid to maxi- 
mum accuracy. 

As a result of these important features, read- 
ings can be made—and reproduced—to an accuracy 
within 0.02 pH unit 


BECKMAN INSTRUMENTS 


control modern industries 


Your nearest authorized Beckman instrument dealer will be glad to 
show you the many advanced features in this fine instrument—or write 
direct. Beckman Instruments, Inc., South Pasadena 42, California. 
Factory Service Branches: New York — Chicago — Los Angeles 


* Beckman instruments include : pH Meters and Electrodes — Spectrophotometers — Radieactivity Meters — Special Instruments 
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—virtually unlimited! 


The Beckman Model G instrument is readily 
adaptable to virtually any type of pH measure- 
ment in research or laboratory applications. In 
addition to pH measurements, it can be used for 
electrometric utrations, and for oxidation-reduc- 
tion measurements over the range —1300 to 
* 1300 millivolts, with an accuracy to within two 
millivolts. Moreover, since it operates entirely on 
long-life self-contained batteries, the Model G can 
be used anywhere—in field, plant or laboratory. 

Equally important is the diversified line of 
Beckman Glass Electrodes available for use with 
the Model! G instrument, including types for use 
in the built-in shielded electrode compartment as 
well as self-shielded designs for use at remote dis- 
tances from the instrument. The wide versatility 
of Beckman Electrodes permits.accurate pH read- 
ings to be made at temperatures as high as 130°C. 
—or as low as 20° below freezing. They can be 
used over the full pH range, 0 to 14, and are 
unusually rugged, abrasion-resistant and chemi- 
cally inert to both alkalis and acids. 
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OFFER THESE 
“OUTSTANDING 


. . Rapid Buffer Action To pH 4 Range # For Quick Relief. 
... Prolonged Buffer Action at pH 4 Range # For Continued Relief. 
.. Optimum Reactivity for Maximum Relief at Minimum Cost. 


Reheis Aluminum Hydroxide Gels — compressed gels for 
manufacture of creams; powders for the manufacture of 
tablets — meet all U.S. P. requirements. We are also in a 
position to offer a special gel to meet your own formula- 
tion needs. 


FREE BOOKLET-—Additional information on Reheis Gels 
available in 14 page booklet. Write for your copy today. 


AS # The pH 4 range is generally regarded as the 
optimum endpeint for an antacid buffer. 


Rekets “Company, Ime. 


(Formerly Schofield-Donold Co.) 
BERKELEY HEIGHTS e NEW JERSEY 


APPLICATION FOR ACTIVE MEMBERSHIP IN THE 
AMERICAN PHARMACEUTICAL ASSOCIATION 


Approving of its objectives, I hereby apply for active membership in the American PHARMACEUTICAL 
Association. I enclose $10 to cover annual dues for 12 months beginning with the month following my 
election to membership. Membership includes subscription to the Jounnat or rug A. Pu. A. which is 
published monthly in two editions, “Practical Pharmacy” and “Scientific.” Subscription to the Jounna 
for non-members is $4 for each Edition or $7 combined. Members of the A. Pa. A. receive a 50% discount 
on the regular subscription rate of each Edition. Therefore $2 for each edition (total $4) is allocated for 
subscription to the JouRNAL. 

Name in Full (Mise—Mr.— Mrea.—) 
Street and No 
City Zone. State 

Date of Birth State Assn. member in 


Graduate of. Year_____t Degrees 
Licensed Pharmacist in (states) 


Please indicate by check mark below your classification(s) according to present employment: 


Retail Pharmacist; Hospital Pharmacist; Government Pharmacist; Teacher; Wholesaler; 
Manufacturer; Representative; Research or Control Chemist; Association Official; Student; 


Signature of Applicant 
This application is endorsed by the following members of the AmeRicAN PHARMACEUTICAL ASSOCIATION: 


Name 
Please send this application with check or money order for $10 to: 


ROBERT P. FISCHELIS, Secretary, American Pharmaceutical Association 
2215 Constitution Avenue, N.W., Washington 7. D. C. 
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IN its MOST ACTIVE AND EFFICIENT FORM 


are 


NON-IONIC OINTMENT BASES, EMULSIFIERS AND PENETRANTS 


The AMERCHOLS ore surface-octive agents which ore Noturally good for the skin. Of 
Notural Origin, they represent odorless, color-free forms of cholesterol and related rare 
sterols which we isolate in purified form from animal tissues. They ore stable in the 
presence of acids, alkalies and most drugs. 


WE KNOW OF NO CASE OF ALLERGY DUE TO AN AMERCHOL 


Phormaceutical Manufacturers and Chemists: write on your company letterhead for your 
copy of our technical booklet. Contains valuable date and formulas for the use of the 
Amerchols in O/W and W/O emulsions, ointments, lotions, creams, hair preparations, etc. 


Our ® ore ilable to you for advice and information at all times. 


Fer comperctive date on drug penetration end release, irritation end stebility of ophthalmic cintments 
including AMERCHOL see, Solimann et ol; Arch of Ophthal. Vol. 36, 284, 1946. 


AMERICAN CHOLESTEROL PRODUCTS 


“EN C'ORPORATEDS 
MILLTOWN NEW JERSEY 


“<i for Journals of the American 
Pharmaceutical Association 


Scientific Edition $3.25 each 
Practical Edition $3.25 each 


These binders open flat as a 
bound book. Made of durable 
imitation leather, they will pre- 
serve your journals permenently. 
Each cover holds 12 issues (one 
volume)... .Do your own bind- 
ing. Instructions easy to follow. Mail 
Fill out coupon below coupon for binders on 10 day trial. 
end mail today 


WINTHROP-STEARNS INC. SUCKERT LOOSE-LEAF COVER CO. 
1450 Broadway, New York 18, N. Y. 234 W. LARNED ST. DETROIT 26, MICH. 
Yes, | am interested in bulk chemicals for manu- 
facturing and research. Please send me your new | Mail postpaid....binders for the Journal of the 
1950 Descriptive Price List. American Pharmaceutical Association [] Practical 
Pharmacy Edition [[] Scientific Edition for years 

Will remit in 10 days or return binders collect. 


Address ‘ Name 
City — Address 


_|THE SEAR 
fi 
aS 


JOURNAL OF THE 
AMERICAN PHARMACEUTICAL 
ASSOCIATION 


Justin L. Powers, Epiror, Wasuincton, D. C. 


Votume XXXIX 


NuMBER 8 


AUGUST, 1950 


Consecutive No. 16 


The Determination of Alpha-Estradiol and the Other 
Estrogenic Diols by Infrared Spectrophotometry* 


By JONAS CAROL 


A method is described for the determination of the estrogenic diols, a- and 8-estra- 


diol, a-dihydroequilin, and a- and 8-dihydroequilenin in mixtures. 


A separation 


into three fractions is made by partition chromatography and the components of 
the fractions are determined by infrared spectrophotometry. Base-line optical 
density measurements are made at selected peaks for each compound and concen- 


trations are calculated by com 
series 


Jhstmocenec materials derived from pregnant 

mares’ urine comprise a rather complex mix- 
ture of substances consisting chiefly of the keto- 
steroids, estrone, equilin and equilenin, and the 
nonketonic diols, 3-estradiol and 8-dihydroequi 
lenin. Very small amounts of a-estradiol and 
other diols have been found in normal extracts 
(1). During processing for the manufacture of 
pharmaceutical preparations, partial or complete 
reduction of the ketosteroids is sometimes 
effected, causing large amounts of a-estradiol, 
e-dihydroequilin, and a-dihydroequilenin to be 
formed. Consequently, the assay of such prep 
arations may involve analysis for any or all of 
eight closely related compounds.' 


* Received March 2, 1950, from the Chemical Branch of 
the Division of Medicine, Food and Drug Administration 
Federal Security Agency, Washington, D. C 

1 Since the completion of the present work, the heretofore 
unreported diol 8-dihydroequilin has been prepared in this 
laboratory (2). Its presence has been detected in the hor 
mone fraction obtained from pregnant mares’ urine by the 
dioxane hydrolysis procedure of Grant and Beall (3). 8-Di 
hydroequilin is unstable in acid media and is probably not 
present in the hormones prepared from pregnant mares’ 
urine by the usual acid hydrolysis methods 


ison with standards. 
control samples are reported. 


The results of analysis of a 


Work in progress at this laboratory has as its 
goal the development of methods of analysis 
capable of identifying and determining each of 
these estrogens in such mixtures. The wide vari- 
ation in the potencies of these substances makes 
it essential that each be distinguished. In pre- 
vious papers we have described an adaptation of 
the Girard reaction (4, 5) for the quantitative 
isolation of the ketosteroid fraction, and an infra- 
red spectrophotometric procedure for the deter- 
mination of estrone, equilin, and equilenin (6) 
in that fraction. The purpose of the present 
work was to devise a method for the nonketonic, 
or diol, fraction. We have described a method 
for the determination of a- and 8-estradiol in 
mixtures (7) using a modified Kober procedure. 
However, no published procedure is available for 
the estimation of all the diols in mixtures. Since 
infrared spectrophotometry had proved success- 
ful in the determination of the ketosteroids (6) a 
determination of the diols by the same method 
appeared to be feasible. Furchgott, Rosenkrantz 
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and Shorr (8) have studied the infrared absorp- 
tion spectra of a- and §-estradiol using solid 
films deposited on rock salt plates. They did 
not report the spectra of dihydroequilin or the 
dihydroequilenins nor did they attempt to apply 
their data to the quantitative estimation of the 
estrogens. Optical density measurements made 
on solutions using cells of definite thickness (or 
pairs of cells of known differences in thickness) 
offer the most convenient method for quantita- 
tive analysis of absorption spectrophotometry. 
The diols, like the ketosteroids, are practically in- 
soluble in the best solvents* for infrared analysis: 
carbon disulfide and carbon tetrachloride. How- 
ever, the diols are readily converted quantita- 
tively to their dibenzenesulfonates by reacting 
with benzenesulfonylchloride in pyridine. These 
esters dissolve easily in carbon disulfide. 

The total amounts of estrogenic diols obtained 
in natural biological fluids or in unreduced com- 
mercial pharmaceutical preparations are rather 
small as compared to the amounts of the ac- 
companying ketosteroids—usually no more than 
a milligram and frequently much less in a sample 
of convenient size. While the ketosteroids are 
rather easily isolated in a fairly pure condition by 
the Girard reaction, or similar procedures, no 
convenient reagent has been found for the isola- 
tion of small amounts of diols. Usually they are 
obtained as the residue after the separation of the 
ketonic fraction and contain varying amounts of 
nonestrogenic, nonketonic phenols as impurities. 
Preliminary attempts were made to analyze this 
fraction by the conventional method of making 
optical density measurements at a series of wave 
lengtiis corresponding to an absorption peak for 
each diol, and calculating the concentration of 
each component either by graphical approxima- 
tion or by simultaneous equations. The results 
obtained were almost always too high due to the 
background absorption of the accompanying im- 
purities. 

Base-line optical density measurements have 
been used in infrared analysis to eliminate or 
minimize interference due to background ab- 
sorption (9, 10). This method gave very satis- 
factory results for the determination of single 
diols, or simple binary mixtures. With more 
complex mixtures it proved to be unworkable 
because of the difficulty and uncertainty of estab- 
lishing base lines. Very recently Haenni® de- 
vised a partition chromatographic method for 


* Carbon tetrachloride and carbon disulfide are, with the 
exception of a few bands, relatively transparent throughout 
the infrared spectrum in thickness up to several millimeters 

+ A detailed description of this chromatographic procedure 
is included in a report on methods of analysis of estrogenic 
diols by E. O. Haenni being submitted for publication 
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the quantitative separation of the estrogenic diols 
based on the slight differences in acidity of the 
estradiols, a-dihydroequilin and the dihydro- 
equilenins. The method used 0.4 N sodium 
hydroxide solution as the immobile solvent ab- 
sorbed on celite. Benzene and ether are used as 
mobile solvents. He describes two types of 
columns: (a) a short one that separates the diols 
into two fractions, one containing the estradiols 
and e-dihydroequilin, and the other the dihydro- 
equilenins, and (5) a long one that resolves the 
diols into three fractions containing, respectively, 
the estradiols, a-dihydroequilin and the dihydro- 
equilenins. Using these methods of separation, 
a base-line optical density spectrophotometric 
method was developed for the quantitative esti- 
mation of the hormones in each fraction. 

The biological activity derived from the non- 
ketonic diol fraction of many commercial estro- 
genic pharmaceuticals is believed to be due al- 
most entirely to highly potent a-estradiol. 
When a knowledge of the quantities of the other 
diols is not necessary, a direct determination of 
a-estradiol without chromatographic separation 
can frequently be made, considerably simplifying 
the analytical procedure. It was found that 
only a-dihydroequilenin and large amounts of 
a-dihydroequilin would interfere with its direct 
determination. -Estradiol, 8-dihydroequilenin, 
and small amounts of a-dihydroequilin had no 
effect. Provision has been made in the method 
for the elimination of the chromatographic 
separations where the direct determination of 
a-estradiol is possible. 


EXPERIMENTAL 


The instrument used was a Perkin-Elmer model 
12B recording infrared spectrophotometer equipped 
with the prisms, windows, and shutters needed for 
the measurement of optical densities from 2 to 
25 w. It was fitted with an automatic slit-control 
mechanism designed by Plyler, Stair, and Hum- 
phreys (11). This device continuously opens the slit 
as the spectrum is scanned from short to long wave 
lengths and produces an almost constant energy 
level throughout the spectrum. The wave-length 
calibrations were made using a water vapor, am- 
monia and methyl alcohol spectra 

The absorption cells used have been described pre- 
viously (6). They were made with 1.0-mm. poly- 
ethylene spacers, and held about 0.2 ml. of liquid 


a-Estradiol—a commercial sample, m. p., 175° to 


176° 
8-Estradiol—a commercial sample, m. p., 220° to 


222° 


a-Dihydroequilin—prepared from equilin by the 
method of Serini and Logemann (12), m_ p.. 
173° to 175° 
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a-Dihydroequilenin—prepared from equilenin by 
the method, of Marker (13), m. p., 244.5° to 
246.6°. 


8-Dihydroequilenin—prepared from equilenin by 
the method of Marker (13), m. p., 217° to 
218°. 


Five milligrams of each diol was esterified as di- 
rected under Method and the resultant ester was 
dissolved in exactly 1.0 ml. carbon disulfide. The 
absorption curve of each solution was obtained by 
Scanning its spectrum from 2.0 to 25.04. The most 
pronounced differences in spectra are in the 8.5 to 
14.0 w region. For that reason only those portions 
of the spectra are recorded in Fig. 1. Examination 
of these curves indicated that optical density 
measurements made at the wave lengths shown in 
Table I were most suitable for quantitative deter- 
mination of the estradiol, dihydroequilin, and di- 
hydroequilenin fractions. It will be noted that a- 
estradiol has three strong absorption peaks at 10.10, 
10.25, and 10.37 w. In this region §8-estradiol ex- 
hibits very little absorption. However, 8-estradiol 
has no strong absorption peaks in a region where 
a-estradiol has only weak absorption. Both a- and 
8-estradiol have a strong band at 9.90 4. Base line 
optical density measurements made at this wave 
length can be used to determine the sum of the 
two isomers. a-Estradiol is determined by optical 
density measurements at 10.10 and §8-estradiol is 
determined by difference. 


Taste I.—Wave Lenoerus or ANALYTICAL 
ABSORPTION Peaks AND Base-Line Points 


-—-Wave Length in Microns 

Absorption ase-Line 
Peak Points 
10.10 10.22 
9.10 9.29 
10.32 10.54 
10.10 10.25 
10.75 11.06 


a-Estradiol 

a- and 8-Estradio! 
a-Dihydroequilin 
a-Dihydroequilenin 
8-Dihydroequilenin 


Several series of solutions (a—-e) were prepared as 
directed under Method, each series to contain 
1-5 mg. per ml. carbon disulfide of an individual 
diol. 

A series of solutions (f) containing varying 
amounts of a- and §-estradiol was prepared as di- 
rected under Method. Each solution contained 
a total of 5 mg. of estradiols per ml. of carbon disul- 
fide. 

A series of solutions (g) containing varying 
amounts of a- and 8-dihydroequilenin was prepared 
as directed under Method. Each solution contained 
a total of 5 mg. of dihydroequilenins per ml. carbon 
disulfide 

The base-line optical densities of solutions of 
Series a-e were measured at the selected wave 
lengths as shown in Fig. 2. The following descrip- 
tion of the measurement of the base-line optical 
density of a-estradiol at 10.10 yw is typical of the 
procedure used in each case 

Place the carbon disulfide blank cell in position 
and set the wave-length drive at about 9.80 u 
Adjust the spectrophotometer to produce approxi 
mately full-scale deflection. (Record slit width used 
and make all subsequent measurements at this 


Optical Density —~ 


\ || 
\ 
4 iL i + 1 4 
90 100 11.0 12.0 13.0 

Wave length in Microns 

Fig. 1.—The absorption spectra of the estrogenic 
diols (as dibenzenesulfonates) in carbon disulfide 
solution using 1.0-mm. cells. Concentrations are 
equivalent to 10 mg. uncombined diol per ml. (The 
strong band at 11.7 u« due chiefly to carbon disulfide 
is not shown.) 

A, a-estradiol; 3B, B-estradiol; C, a-dihydro- 
equilin; D, a-dihydroequilenin; §-dihydro- 
equilenin. 


\ 


wave length with essentially the same slit width.) 
Mark the shutter (Li”) closed position on the chart 
paper. Replace the blank cell with the sample 
solution cell. Start the chart, wave length and slit- 
control drives simultaneously and record the spec- 
trum to just beyond the 10.22 1 minimum. Stop 
the chart, wave-length and slit-contro] drives and 
replace the sample solution cell with the blank cell 
Immediately mark the shutter closed position on the 
chart paper. Draw a base line between the mini- 
mum at 9.90 and 10.22 uw. As illustrated in Fig. 3 
calculate the base-line optical densities from the 
equation: 


Ds = Logue 


base-line optical density 

distance from shutter closed line to peak 
absorption 

distance from shutter closed line to base 
line measured at the same wave length 
as I 
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Fig. 2.—Absorption peaks and base lines used for 
the determination of: A, a- and 8-estradiol; B, 
a-estradiol; C, a-dihydroequilin; D, a-dihydro- 
equilenin; and £, 8-dihydroequilenin. 


The data obtained from each series of solutions 
are plotted in Fig. 4. Adherence to Beer's law is 
shown by the straight line relationship between 
base-line optical density and concentration of diol 
that exists for each solution of diol at the chosen 


_ BACKGROUND 


Fig. 3.--Method of determining base line optical 
density for a-estradiol. 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


wave length. The base-line optical densities for 
solutions of Series f were measured at 10.10 » as 
described above. These data along with the corre- 
sponding base-line optical densities obtained for 
solutions of Series a are compared in Table II. 
These results show that the base-line optical density 
at 10.10 » for a-estradiol is independent of the con- 
centration of 8-estradiol. 


a 
= 

Sans 
£05 

~ O4 

B03 

~ 


Ol = 


10 20 30 40 


10 


2030 40 
Mg./mi. 

Fig. 4.—-Plot of base line optical density against 
concentration for the estrogenic diols (as the diben- 
zenesulfonates) in carbon disulfide solution using 
1.0-mm. cells. Slit width about 0.200 mm. 


The base-line optical densities for solutions of 
Series g were measured at 10.10 » and 10.75 yu as 
described above. These data along with the cor- 
responding base-line optical densities obtained for 
solutions of Series c and d are compared in Table 
III. These results show that the base-line optical 
density at 10.10 w for a-dihydroequilenin is inde- 


II. —Comparison or THE Base-Line OpricaL 

Densities at 10.10 « FOR SOLUTIONS OF a-EsTRA- 

DIOL AND FOR SOLUTIONS CONTAINING a- AND §- 
ESTRADIOL 


Solutions 


Series a, —Solutions Series /—~ 

a-Estra- a-Estra- 8-Estra- 
diol, diol, diol, 

Mg./Ml Dg Mg./Ml Mg./MI Dz 
0.0 se 0.0 5.0 0.005 
1.0 0.063 1.0 4.0 0.068 
2.0 0.125 2.0 3.0 0.122 
3.0 0.190 3.0 2.0 0.190 
4.0 0.248 4.0 1.0 0.249 


5.0 0.308 5.0 0.0 0.316 
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Solutions Series g- 


Solutions Series c, a- Dihydro- 8-Dihydro- 
a- Dihydroequilenin, equilenin, equilenin, 
Mg./MI. Dy 10.10 Mg./Ml Mg./MI. Dz 10.10 

0.0 7 0.0 5.0 0.009 
1.0 0.076 1.0 4.0 0.080 
2.0 0.155 2.0 3.0 0.149 
3.0 0.220 3.0 2.0 0.215 
4.0 0.301 4.0 1.0 0.300 
5.0 362 5.0 0.0 0.368 


Solutions Series d, 
8-Dihydroequilenin, 
Mg./Ml 


Dy 10.75 
0.0 
1.0 0.122 
2.0 0.241 
3.0 0.359 
4.0 0.480 


0.598 


pendent of the presence of 8-dihydroequilenin and 
that the base-line optical density at 10.75 yw for B- 
dihydroequilenin is independent of the presence of a- 
dihydroequilenin. 

A series of mixtures of diols was esterified as di- 
rected under Method and the esters were dissolved 
in measured amounts of carbon disulfide. The 
base-line optical densities of the solutions were de- 
termined at 10.104. These data are shown in Table 
IV compared with the base-line optical densities 
obtained with solutions of a-estradiol of corre- 
sponding concentration. The results show that 
the base-line optical density at 10.10 w for a-estra- 
diol is not effected by the presence of 8-estradiol 
and §-dihydroequilenin. a-Dihydroequilin does 
not interfere unless present in greater quantity 
than the a-estradiol. 


METHOD 


Apparatus 


(a) A recording spectrophotometer suitable for 
measuring optical density in the infrared spectrum. 
The instrument should be sufficiently free of stray 
light error to produce a straight-line concentration 
curve under the conditions used in the method 

(b) Two 1.0-mm. liquid absorption cells with 
sodium chloride windows. 

(c) Reagents, pyridine, reagent grade, distilled 
over solid KOH in an all-glass apparatus and stored 
in a glass-stoppered bottle. 

(d) Benzenesulfonyl chloride (redistilled in an all- 
glass vacuum distillation apparatus). 


TABLE IV. 


-- -~Mg. per MI. CS: 


COMPARISON OF Base-Linge OpticaL Densities At 10.10 FOR SOLUTIONS OF a-ESTRADIOL 
AND SOLUTIONS OF MrixTURES CONTAINING a-ESTRADIOL 


Dp 10.75 
0.0 5.0 0.002 
1.0 4.0 0.119 
2.0 3.0 0.236 
3.0 2.0 0.362 
4.0 1.0 0.486 


(e) Chloroform, U.S. P. grade. 

(f) Alcohol, U.S. P. grade. 

(g) Carbon disulfide, A. C. S. reagent grade. 

(hk) Standard solutions, a-estradiol standard, 
0.5 mg./ml. Dissolve exactly 50 mg. of a-estradiol 
in alcohol and dilute with alcohol to 100 ml. in a 
volumetric flask. 

By the same procedure prepare standard solu- 
tions of 8-estradiol, a-dihydroequilin, a-dihydro- 
quilenin, and 8-dihydroequilenin. 

Prepare the standard solutions from diols of a 
purity comparable to those used in the Experimental 
section. Store the standard solutions in glass- 
stoppered bottles in the dark. 

Preliminary qualitative examination of the spec- 
trum to determine need (or elimination) of chroma- 
tographic separation: Esterify a portion of the 
sample as directed below and dissolve in a quantity 
of carbon disulfide to produce a concentration of 
ca. 4.0 to 5.0 mg. of diol per ml. Record its ab- 
sorption spectrum from 10.0 to 11.5 uw. Compari- 
son of this spectrum with those obtained with the 
pure diols and the known mixtures recorded in Fig 
5 will in most cases show whether the chromato- 
graphic separation may be eliminated and a-estra- 
diol be determined directly. In all doubtful cases 
the chromatographic separations should be em- 
ployed. If a separation is required the choice of 
the type of chromatographic column to be used (see 
Haenni*) will depend on the composition of the diol 
mixture and the completeness of analysis required. 
The short column is satisfactory in the following 
cases: (p. 430). 


Dy 10.10 
Of Corresponding 


Sample 8-Dihydro- = @- Dihydro- Of Diol Concentration of 

No a-Estradiol 8-Estradio! equilenin equilin Mixture a-Estradiol 

1 0.5 2.0 2.0 0.035 0.031 

2 1.0 2.0 2.0 0.068 0.063 

3 2.0 2.0 2.0 0.122 0.124 

4 2.0 3.0 0.138 0.124 

5 3.0 2.0 0.172 0.180 

ti 4.0 1.0 0.244 0.248 

7 1.5 1.5 1.5 


1.5 0.095 0.098 
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Tas_e III.—Comparison or Basg-Linge Optical Densities At 10.10 AND 10.75 FOR SOLUTIONS OF 
Series c, d, AND g 
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Fig. 5.-The effect of composition on the shape 


of the absorption spectra of diol mixtures in 10.0 
to 11.0 w region. Concentration of diols in each 
case about 10.0 mg./ml. CS. Small line indicates 
10.10 « (position of a-estradiol peak). 

a, 100% aestradiol; 6, 75% a-estradiol, 25% 
a-dihydroequilenin; c, 50% a-estradiol, 50% 
a-dihydroequilenin; d, 25% a-estradiol, 75% a- 
dihydroequilenin; ¢, 75% a-estradiol, 25% a- 
dihydroequilin; f, 50% a-estradiol, 50% a-dihy- 
droequilin; g, 25% a-estradiol, 75% a-dihydro- 
equilin; A, 75% a-estradiol, 25% 8-estradidl; 
i, 50% a-estradiol, 50% B-estradiol; j, 25% a 
estradiol, 75% 8-estradiol; k, 25% 8-estradiol, 
75% B8-dihydroequilenin; /, 50% B-estradiol, 50% 


8-dihydroequilenin; m, % 


i 
75% 8-estradiol, 25% 8- 
dihydroequilenin. 


1. All mixtures containing no a-dihydroequilin 

2. All mixtures containing no estradiols (mixtures 
of this type will be rarely encountered) 

3. Where only a-estradiol is to be determined 
and the mixture contains no a-dihydroequilenin 
and quantities of a-dihydroequilin not greater than 
that of the a-estradiol present. 


The a-estradiol is then determined by a direct 
base-line optical density reading at 10.10 uw. In all 
other cases the separation must be made using the 
long column. 

Analysis for a-estradiol without chromatographic 
separation (applicable to the analysis of the a- and 
8-estradiol chromatographic fraction) 

Transfer up to 5.0 mg.‘ of the diols to a 25-ml 


* Experience bas shown that as little as 50 ug. of diols can 
be analyzed by the method with acceptable accuracy. We 
routinely use 1.0 mg samples and standards dissolved in 
0.25 ml. ef carbon disulfide 
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glass-stoppered Erlenmeyer flask, dissolve in 2 ml. 
dry pyridine, add 0.25 ml. benzenesulfonyl chloride, 
and stopper tightly. Mix gently and allow to stand 
overnight at room temperature. Dilute the con- 
tents of the flask with a few milliliters of water and 
transfer to a 125-ml. separatory funnel, restricting 
the total volume of water in the mixture to 25- 
30 ml. Rinse the flask with 15 ml. of chloroform 
and add to the funnel. Shake the funnel vigorously 
for one minute and allow the two layers to separate 
completely. Transfer the chloroform layer to a 
second 125-ml. separatory funnel. Repeat the ex- 
traction with two additional 15-ml. portions of 
chloroform adding each to the second funnel. Wash 
the combined chloroform extracts with 10 ml. water 
and filter through a pledget of cotton wet with chloro- 
form into a small beaker. Extract the wash water 
with an additional 5 ml. chloroform, filter through 
the cotton, and add to the main chloroform extract. 
Evaporate the combined chloroform extract to dry- 
ness on a steam bath in a current of air. Dissolve 
the residue in 5 ml. chloroform and evaporate again 
to dryness. Dissolve the residue in about 2 ml. 
chloroform and transfer to a 15 x 50-mm. glass- 
stoppered weighing bottle with the aid of several 
small portions of chloroform. Carefully evaporate 
the solution to dryness on a steam bath using a cur- 
rent of air. Dry the residue in a vacuum for one 
hour to remove traces of pyridine. Using a 1-ml. 
graduated pipette, or a graduated 1-ml. hypodermic 
syringe, carefully add a measured quantity of car- 
bon disulfide to produce a concentration of about 
4.0 to 5.0 mg. of diols per ml. Stopper the bottle 
immediately and dissolve the residue by gentle mix- 
ing. Measure from a pipette 10 ml.‘ a-estrad* | 
standard solution into a 25-ml. glass-stoppered flask 
and evaporate to dryness ona steam bath Esterify 
as described above and dissolve the ester in exactly 
1.0 ml. carbon disulfide. Determine the base-line 
optical densities of the standard ard sample solu- 
tions at 9.10 w and 10.10 w using the technique 
described under Experimental. 


Mg. total estradiols = 
5.0 X De 9.10 » sample solution 
Dz 9.10 uw standard solution 
Mg. a-estradiol = 
5.0 X Ds 10.10 » sample solution 
Dz 10.10 standard solution 
8-Estradiol = 
total estradiols — a-estradiol 


Analysis of Samples Requiring a Chromatographic 
Separation.— Dissolve a measured amount of mixed 
diols (not to exceed a total of 2.5 mg.) in 5 ml. of 
benzene, warming, if necessary, to obtain complete 
solution. Using the proper column separate into 
fractions by partition chromatography using the 
procedure described by Haenni.* 

Analysis of a- and 8-Estradiol Fraction.—Pro- 
ceed as directed above. 

Analysis of the a-Dihydroequilin Fraction.— 
Proceed as directed in the analysis of the a- and 
8-estradiol fraction. Prepare a standard contain- 
ing 5.0 mg. a-dihydroequilin per ml. carbon disul- 
fide. Determine the base-line optical densities of 
the standard and sample solutions at 10.32 uw as 
described under Experimental. 


pate 
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Mg. e-dihydroequilin = 
5.0 X De 10.32 u sample solution 
De 10.32 » standard solution 


Analysis of the a- and 8-Dihydroequilenin Frac- 
tion.—Proceed as directed in the analysis of the 
a- and §-estradiol fraction. Prepare two standard 
solutions; one containing 5.0 mg. a-dihydroequilenin 
per ml. carbon disulfide and the other containing 
5.0 mg. 8-dihydroequilenin per ml. carbon disul- 
fide. Determine the base-line optical densities of 
the sample solution and the a-dihydroequilenin 
standard at 10.10 wu, and of the sample solution and 
the 8-dihydroequilenin standard at 10.75 uw. 


Mg. a-dihydroequilenin = 
5.0 X Dz 10.10 » sample solution 
Dz 10.10 w standard solution 

Mg. 8-dihydroequilenin = 
5.0 X De 10.75 wu sample solution 
Dz 10.75 w standard solution 


The proposed method has been tested by the an- 
alysis of a large number of samples containing 
estrogenic diols. The types of samples used were, 
in order of increasing complexity: 


1. Simple mixtures of pure diols requiring no 
chromatographic separation. 

2. Mixtures of pure diols requiring a chromato- 
graphic separation. 


Screntiric Epition 


Tas_e VI.—Resvutts oF ANALYSIS OF OF Pure Dio_s REQuriRING 
CHROMATOGRAPHIC SEPARATION 
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Taste V.—Resv.ts oF ANALYSIS OF SIMPLE 
Mrxtures or Purse Diots Requirinc No 
CHROMATOGRAPHIC SEPARATION 


-—a-Estradiol, Mg—~ Mg. 
Sample Added Found Added Found 
1 0.80 0.81 0.34 0.33 
2 0.12 0.11 0.82 0.86 
3 0.64 0.65 0.54 0.55 
4 0.14 0.18 1.03 1.04 
5 0.73 0.76 0.24 0.24 
6 0.47 0.48 0.57 0.61 
7 0.13 0.14 1.05 1.08 
8 0.85 0.84 0.23 0.21 
—a-Dihydro- -—8- Dihydro- 


ded 
0. . 0.25 0. 
10 0.50 0.51 0.50 0.48 
il 0.25 0.26 0.75 0.74 
12 0.90 0.89 0.10 0.11 


3. Samples prepared to simulate several com- 
mon types of commercial estrogenic hormone phar- 
maceuticals. 


(a) Solutions of diols in sesame oil. 

(b) Mixtures of estrogenic ketosteroids and diols 
dissolved in sesame oil. 

(c) Aqueous suspensions of diols. 


The results of analysis are tabulated in Tables IV to 
VII. 


a-Estradiol, 


8-Estradiol, a-Dihydro- a-Dihydro- 8-Dihydro- 

Sample Mg. Mg equilin, Mg. uilin, Mg. equilenin, Mg. 
No Added Found Added Found Added Found Added Found Added Feun’i 
1 1.00 1.01 1.00 0.96 1.00 1.00 
3 1.00 0.99 1.00 0.98 ont 
4 1.00 1.00 1.00 1.00 
5 1.00 1.09 1.00 0.95 0.50 0.45 
6 0.50 0.42 0.50 0.51 0.50 0.52 050 047 0.50 0.50 
7 0.50 0.49 1.00 0.95 0.25 0.21 ben 0.50 0.51 
8 0.25 0.27 1.00 0.97 0.25 0. 0.52 


lo 


Tas_e VII.—-Resutts or ANALYSIS OF SAMPLES PREPARED TO SIMULATE COMMERCIAL ESTROGENIC 
HORMONE PHARMACEUTICALS 


Chromato- a-Estradiol, 8-Estradiol, a- Dihydro- 8-Dihydro- Es- 
Sample graphic Mg. Mg equilenin, Mg. uilenin, Mg. trone, 
No. Type* Separation Added , Added Found Added Found tees Found Mg. 
1 a Not used 1.00 0.94 am 
2 a Not used 2.50 2.51 - ba aa 
3 a Not used 1.00 0.94 0.25 0.23 me : 
4 Not used 2.20 2.11 
5 Not used 2.00 2.02 
6 Not used 1.00 0.99 
7 a Used 1.00 0.97 a 1.00 0.98 
8 a Used 1.00 0.97 we 0.50 0.49 - “a 
9 a Used 0.50 0.48 0.50 0.52 0.50 0.48 0.25 0.27 aE 
10 b Not used 1.00 1.02 = 10.0 
11 b Not used 0.50 0.47 0.50 0.52... 10.0 
12 b U 0.00 0.02 1.00 0.97 ‘ 0.25 0.25 10.0 


=< Type a Sample contained estrogens dissolved in 10 ml. sesame oil. Diols extracted by procedure described by Carol 
and Rotondaro (5). Ether extract esterified for infrared analysis. 
b. Samples propecse and extracted by procedure used for type a. Diols are contained in the chloroform extract 


Type 
frem the Girard reaction 


Reference 2, line 21, p. 178) 
Type c. Aqueous 


in addition to the estrogens, 10% propylene glycol, 1% gum acacia, and 0.5% 
phenol. Samples extracted with ether, evaporated to dryness, and analyzed as directed under type a. 


4 
f 
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The results tabulated in Tables V to VII show 
that all of the natural estrogenic diols can be accu- 
rately determined by the proposed method even when 
present in complex mixtures. Comparison of the 
8.5 to 11.5 u record of the spectrum of the unknown 
sample with that of the pure diols or known mix- 
tures (Fig. 5) will often serve to identify positively 
the diol or diols in the sample 

In the early stages of the investigation, base-line 
optical density measurements for a-estradiol were 
made at 10.37 u using a base line drawn between the 
minima at 9.90 and 10.654. The optical density at 
this wave length is about 1.5 times that at 10.10 u, 
but unfortunately it does not follow Beer's law when 
appreciable quantities of  -estradiol are present. 
As demonstrated in the Experimental, measurements 
made at 10.10 w are not affected by 8-estradiol. 
Base-line density measurements are accurate only 


1. The infrared absorption spectra of solu- 
tions of the benzenesulfonyl esters of a- and 8 
estradiol, a-dihydroequilin and a- and 3-dihy- 
droequilenin in carbon disulfide have been deter- 
mined. These spectra show marked differences 
in the 8.5 to 11.5 w region. 

2. A quantitative infrared spectrophoto- 
metric method of analysis, using base-line optical 
density measurements, is given in detail. In 
some cases spectrophotometric analysis is pre- 
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DISCUSSION 


SUMMARY 


REFERENCES 


CORRECTION 


In the article entitled ‘Pharmacological Studies on the Antispasmodic, 8-Diethylaminoethy] 


when the background absorption at the wave length 
of the peak absorption and the two minima form a 
relatively straight line. Examination of the 8- 
estradiol spectrum (Fig. 1) will show that the ab- 
sorptions at 9.90, 10.10, and 10.22 uw form an almost 
straight line while the absorptions at 9.90, 10.37, 
and 10.60 » do not. 

Since 8-estradiol is determined by the difference 
between a-estradiol and total diols a considerable 
error can occur where the percentage of 8-estradiol 
is relatively small. In the routine analysis of com- 
mercial estrogenic hormone preparations an exact 
determination of small amounts of 8-estradiol is of 
little value as 8-estradiol has very low potency. 
Where an accurate determination of the quantity 
of 8-estradiol is needed it is suggested that the infra- 
red analysis should be checked by the modified 
Kober procedure developed by Haenni.* 


ceded by a partition chromatographic separa- 
tion. 2 

3. Results of analysis of various control sam- 
ples prepared to contain mixtures of diols as 
found in natural biological materials and in com- 
mercial estrogenic pharmaceuticals are given. 
Good results were obtained with both simple 
and complex mixtures. 

4. Examples of absorption curves of various 
mixtures of diols are shown. 


(7) Carol, J., and Molitor, J. C., ibid., 36, 208(1947) 
(8) Furchgott, R. F., Rosenkrantz, H., and Shorr, E., 
J. Biol. Chem., 164, 621(1946) 
(9) Heigl, J. J., Bell, M. F., and White, J. V., Anal. 
Chem., 19, 293(1947) 
(10) Barnes, R. B., et al., ibid., 19, 620(1947) 
(11) Plyler, E. K., Stair, H.. and Humphreys, C. J., J 
Research Natl. Bur. Standards, 38, 211(1947) 
(12) Serini, A, and Logemann, W., U. 5S. Pat., 2,221,340, 
Nov., 1940 
(13) Marker, R. E., Kamm, O., Oakwood, T. S., and Ten 
deck, F. H., J. Am. Chem. Soc., $9, 768(1937) 


1-Cyclohexyleyclohexanecarboxylate Hydrochloride’ by Barbara B. Brown, Charles R. Thompson, Ger- 
trude R. Klahm, and Harold W. Werner [Tuts JouRNAL, 39, 305-311(June, 1950)] the captions for Figs. 
1 and 2, appearing on pages 306 and 307, were incorrectly placed. The correct Fig. 1 appears on page 307, 
and the caption should read, ‘‘The intestinal action of 2.5 mg./Kg. of Bentyl hydrochloride intravenously 
in the anesthetized cat. Intestinal motility is markedly inhibited and the intestinal response to acetyl- 
choline is blocked." The correct Fig. 2 appears on page 306, and the caption should read, “Relaxation 
of the intestine in an unanesthetized Thiry-Vella dog produced by 2 mg./Kg. of Bentyl hydrochloride 


intravenously.” 
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By EDWARD KRUPSKI and LOUIS FISCHER 


A study of three types of peppermint oil found in the Pacific Northwest was made to 
determine the cause of the unusual characteristics of eg ary oil produced 
in eastern Washington. These were fractionally distille 


A Comparative Study of Oregon and Washington 
Peppermint Oils* 


and a strongly dex- 


trorotatory substance was found to be more predominant in the eastern Washington 
oil, which accounted for its low levo optical rotation. This substance was identified 
as menthofurane and a quantitative colorimetric procedure was developed for its esti- 
mation. Other compounds identified in each of the three oils were: /-limonene, 
cineol, pulegone, menthone, menthol, acetic, and isovaleric acids. The acids were 
separated and estimated by chromatographic technique. Removal of menthofurane 
by fractional distillation resulted in an increase in the levorotation of gee ee oil 


T= Pacific Northwest is the leading pepper- 

mint oil producing area in the United States 
as a result of the accelerated expansion in this 
industry during the past few years. Peppermint 
has already assumed a prominent place in the 
agriculture and economy of this region and is 
increasing yearly in importance. First intro- 
duced into Oregon about 1908, the cultivation of 
this drug has expanded into both western and 
eastern Washington. The volume of oil pro- 
duced gradually increased until in 1949 the 
Oregon and Washington production of 844,000 
Ib. of peppermint oil constituted more than one- 
half the total yield of 1,574,000 Ib. throughout 
the United States. 

Prior to 1948, most of the peppermint oil 
produced in the United States was grown in the 
Midwest, principally in the states of Indiana and 
Michigan. There are several factors responsible 
for the movement of the peppermint industry 
from that area to the Pacific Northwest. First 
is the gradual decline in the production of the oil 
in the Midwest caused by a virus known as Verti- 
cillium wilt which attacks and destroys the 
plant. Furthermore, the nature of the soil, the 
climatic conditions, and the abundant water 
supply in Oregon and Washington are conducive 
to the prolific growth of peppermint of high oil 
content. The average 1949 yield per acre was 50) 
Ib. in Washington and 42 in Oregon; as com- 
pared to 33 Ib. in Indiana and 21 in Michigan. 

Most of the natural oils obtained in Oregon and 
Washington compare favorably with those pro- 
duced in the East and Midwest and, in general, 
meet the U. S. P. requirements for peppermint 
oil. However, the natural oil produced in east- 
ern Washington has been found by Tornow and 


* Received May 5, 1950, from the University of Washing- 
ton, College of Pharmacy, Seattle 

Presented to the Scientific Section, A. Pu. A., Atlantic 
City meeting, May, 1950. 
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and made it possible to produce an oil which conforms to the U. S. P. standards. 


Fischer (1) to exhibit a specific gravity and re- 
fractive index slightly higher than the U. S. P. 
limits of 0.896 to 0.908, and 1.4590 to 1.4650, re- 
spectively. Upon rectification of this oil, these 
physical constants are sufficiently altered to com- 
ply with the official standards. The optical rota- 
tion which is usually below the U. S. P. require- 
ments of —18° to —32° is not appreciably af- 
fected by rectification, therefore the oil does not 
always conform to this official standard. In ad- 
dition this oil has a somewhat different odor and 
flavor from that produced in other regions. 

In view of the importance of the peppermint 
oil industry in eastern Washington, where ap- 
proximately 175,000 Ib. of oil was produced in 
1949, and with the possibility of a forthcoming 
extensive expansion program, it was deemed 
necessary to correlate the chemical composition 
of the oil with its unusual physical properties. 


EXPERIMENTAL 


The characteristics of the oils produced in Oregon 
and Washington are typical of the particular area 
from which they originate; therefore, natural oils 
were obtained to represent districts producing oils 
of distinctive properties. The oils investigated were 
classified as type C, which is produced in western 
Washington and Oregon near the mouth of the 
Columbia River; type 5S, from the central section 
of the Willamette Valley in the State of Oregon, and 
type K, from eastern Washington. 

Each of the samples of oil was a composite of 
natural oil that was as nearly representative as pos- 
sible of the entire year’s production of each district. 

Physical and Chemical Constants. —Each sample 
of oil was dried over anhydrous sodium sulfate, the 
constants determined in the usual manner, and the 
results recorded in Table I. 

Free Acids.—-The free acids were extracted in the 
usual manner using a 5% solution of sodium car- 
bonate. After acidifying the alkaline solution, the 
free acids were extracted with chloroform and sepa- 
rated by passing the chloroform solution through a 
buffered chromatographic silica column as described 
by Mayle, Baldwin, and Searisbrook (3) 
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TABLE |.—CONSTANTS OF THE COMPOSITE NATURAL 
PEPPERMINT OILS FROM THREE [DISTRICTS IN 
WASHINGTON AND OREGON 


Type C Type S Type K 

Specific gravity, 

25° /25° 0.9010 0.9021 0.9043 
Optical rotation, 

100 mm. /25° —25.5 —27.5 —18.0 
Refractive index, 

20° 1. 4620 1 4625 1.4635 
Acid number 0.250 0. 284 0.605 
Esters, °; 5.02 7.18 5.92 
menthol, 

56.85 61.27 49.50 


Free menthol, 
52.32 54.82 44.31 
Menthone, ©; (2) 21.7 45 25.78 


This column was prepared in the following man- 
ner: 3 ml. of a buffer solution containing one vol- 
ume of 2 M dibasic potassium phosphate and two 
volumes of 2 M monobasic potassium phosphate 
was added to 5 Gm. of silicic acid (Merck) in a mor- 
tar and thoroughly mixed. After the addition of 40 
mil. of 1°, butanol in chloroform, the suspension was 
transferred to a chromatographic tube, 19 X 200 
mm., and packed by washing for twenty minutes 
with 1°% butanol in chloroform. 

A 5-ml. aliquot of the free acids in chloroform, 
representing 25 ml. of oil, was pipetted into the 
column and allowed to pass through the silicic acid 
bed. After eluting the adsorbed acids with 1% 
butanol in chloroform, the eluate was collected in 5- 
ml. portions and titrated with 0.005 N solution of 
potassium hydroxide in methanol. The titration 
values of the series of eluates demonstrated that the 
acids had separated into two bands with the higher 
molecular weight acid located below the other on the 
column. Tye recovery of acids from the oils was 
calculated from the titration data and recorded in 
Table II. 


Recoverep FRoM TYPES 
or NATURAL PEPPERMINT OIL 


Type ¢ Type S, Type K, 
Mx Mg Mg./ 

100 MI 100 MI 100 MI 

Acetic 5.5 10 7.8 
Isovaleric 15.0 15.5 22.3 


[wo solutions were prepared, one composed of all 
the eluates containing the first acid; the other con 
stituting all the eluates of the second acid. The 
two solutions of the neutralized acids were evapor 
ated to dryness, dissolved in dilute sulfuric acid, 
transferred to a flask, and steam distilled. Both 
acid distillates were treated with slightly less sodium 
hydroxide than required to completely neutralize 
the acid and then evaporated to dryness. The re 
sulting solutions of the sodium salt of the acids, when 
treated with a solution of mercurous nitrate on a 
microscope slide, formed characteristic crystals 
identical in structure with those obtained from 
known sodium salts of isovaleric and acetic acids 
As further proof of their identity, 0.5 ml. of 
chloroform containing 5 mg. of isovaleric acid and 3 
mg. of acetic acid was added to an aliquot of the 
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acids extracted from the oil and separated chromato- 
graphically on a buffered silica column. Upon 
elution only two bands of acids were observed which 
indicated that isovaleric and acetic were the two 
acids present. 

Phenols.—After removal of the acids, the phen- 
ols were extracted from 3 L. of oil with three suc- 
cessive portions of 5% sodium hydroxide solution. 
The combined solutions were acidified with dilute 
sulfuric acid and the phenols extracted with ether. 
On evaporation of the ether, an oily residue was ob- 
tained that was acid to litmus and produced a purple 
color when treated with a dilute solution of ferric 
chloride. These tests are indicative of phenolic 
compounds but no identification was possible be- 
cause of the low concentration of the phenolic sub- 
stance in the oil. 

Aldehydes and Ketones.—-In an attempt to re- 
cover the aldehydes and ketones by extraction with 
three successive portions of saturated sodium bi- 
sulfite, an insoluble white substance was removed 
with the aqueous phase. This precipitated material 
was assumed to be an aldehyde-bisulfite addition 
product; however, on addition of either dilute acids 
or bases, no regeneration of aldehyde or ketones oc- 
curred. Since no _ identification was possible, 
further work is contemplated with larger quantities 
of oil to determine the nature of this substance. 

Fractionation Studies.—Three liters of type C 
and K, and 1.5L of type S oils, previously extracted 
with 5° sodium carbonate, 5° sodium hydroxide, 
and saturated sodium bisulfite solutions were thor- 
oughly washed with water, dried over anhydrous 
sodium sulfate, filtered, and subjected to fractional 
distillation. The distillation was conducted at 10 
mm. pressure using a 5-foot fractionating column 
packed with Raschig rings, and equipped with a 
distilling head designed for total condensation and 
a stopcock for control of the reflux ratio. 

Small portions were collected and the optical rota- 
tion was determined in order to establish which 
fraction of each oil showed the greatest dextrorota- 
tion and to locate the range of these dextrorotatory 
fractions. In plotting these values against the per 
cent of oil distilled, the source of the dextrorotatory 
influence of type K oil became obvious as indicated 
in Fig. 1. Several peaks in dextrorotation were 
evident for each oil but one for type K was higher 
and ranged through a greater percentage of the oil 
distilled than with the other oils. Although other 
dextrorotatory fractions were present, the magnitude 
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Fig. 1.—Optical rotations of the fractions from 
three types of peppermint oil. K ———, C ----- 
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of their rotation and their volumes were not sufficient 
to appreciably affect the rotation of the oil. The 
largest fraction was the levorotatory portion which 
was found to be menthol and comprised about 50% 
of the oil. However, the change in the optical rota- 
tion of the oil by the addition of a given volume of 
menthol would not be as great as that caused by 
an equal volume of the dextrorotatory substance. 
The optical rotation of peppermint oil is approxi- 
mately —20° and menthol —50°, therefore a large 
increase in menthol would be necessary to offset 
the effect exerted by a small increase of the dextro- 
rotatory fraction possessing an optical rotation up 
to +59.2°. 

In order to identify the constituents responsible 
for the lower levorotation of A oil, a study of its 
composition as well as that of types C and S was 
undertaken. In the investigation all of the following 
constituents except a-pinene were identified in each 
oil. a@-Pinene was identified only in type S oil. 

Pinene.—The presence of a-pinene was investi- 
gated in the fraction of type S oil distilled below 40° 
at 10 mm. pressure by the preparation of pinene 
nitrosochloride. On recrystallization a product was 
obtained which melted at 108°. Since this melting 
point is lower than the accepted value of 115°, 
another derivative, dl-sobrerol, was prepared by the 
oxidation of the low boiling fractions with mercuric 
acetate. This product on recrystallization melted 
at 132°, the reported value for di-sobrerol is 131°, 
and the active form 150°, indicating the presence of 
dl-pinene. 

Cineol.—The fraction distilled in the range of 
55° at 10 mm. pressure had a characteristic cineol 
odor, and on treatment with an ether-petroleum 
ether solution of resorcinol resulted in a precipitate 
of cineol-resorcinol complex. The melting point 
was 83° as compared to the reported values, 80° to 
85°, indicating the presence of cineol. 

l-Limonene.—The levorotatory fractions dis- 
tilled between 57° and 58° at 10 mm. pressure were 
combined, redistilled at atmospheric pressure, and 
the fractions boiling between 175° and 178° were 
collected. The limonene fraction was dissolved in 
a solution of equal parts of amyl alcohol and ether, 
and then treated with an ether solution of bromine. 
The solvents were allowed to evaporate spontane- 
ously with the formation of limonene tetrabromide. 
On recrystallization from ethyl acetate, a melting 
point of 103° was obtained which conformed to the 
reported melting point of 104° to 105°. 

Menthofurane.—The portion of the oil distilled 
between 75° and 77° at 10 mm. pressure showed a 
strong dextrorotation. This was especially true of 
type K oil which exhibited a maximum dextrorota- 
tion of +59.2°, whereas the maximum for type C 
was +49.2° and type S +35.0°. This fraction was 
of special interest since it was responsible for the low 
levorotation of type K oil. By examination of Fig. 
1 it is apparent that the constituent possessing a high 
dextrorotation was more abundant in type A than 
in types Cand S oils, and resulted in a lower levoro- 
tation in the former. These portions were refrac- 
tionated to yield products with optical rotations as 
high as +79° and other physical properties similar 
to those reported by Carles (4) for menthofurane. 
Five grams of this fraction was added to 15 ml. of 
benzene containing 5 Gm. of maleic anhydride and 
allowed to crystallize for two hours. On recrystalli- 
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zation from benzene the product melted at 133° 
which was identical with that for the maleic anhy- 
dride addition product of menthofurane (5). 

Menthone.—Menthone was identified in the 
fraction distilled between 81° and 82° at 10 mm. 
pressure by preparation of menthone semicarbazone. 
One milliliter of this fraction was dissolved in alco- 
hol and treated with semicarbazide hydrochloride 
and sodium acetate. The mixture was placed in a 
beaker of boiling water and allowed to cool until 
crystals were formed. This compound, on re- 
crystallization from 50° alcohol, gave a melting 
point of 188°. The reported value for menthone 
semicarbazone is 189°. 

Pulegone.—Following the distillation of men- 
thone, a dextrorotatory fraction distilled between 
84° and 90° at 10 mm. pressure which possessed 
properties characteristic of pulegone. The semi- 
carbazone was prepared and the product melted 
between 172° and 173° indicating that the substance 
was pulegone semicarbazone which has the accepted 
melting point of 174°. 

Menthol.—The fractions distilled between 96° 
and 99° at 10 mm. pressure crystallized on cooling 
to room temperature, which indicated the presence 
of menthol. The phenylurethane of menthol was 
prepared and the product on recrystallization from 
50% alcohol melted between 111° and 113°. The 
melting point reported for the phenylurethane of 
menthol is 112°. 

Cadinene.—A chloroform solution of the fractions 
distilled between 112° and 120° at 10 mm. pressure, 
when treated with a few drops of concentrated acid, 
indicated the change of colors characteristic of 
cadinene. The solution first turned green and on 
warming changed to blue, then to red. Although 
this qualitative test for cadinene was positive, all 
attempts to prepare derivatives were unsuccessful. 

III.-PuystcaL CONSTANTS OF MENTHO- 
FURANE 


Specific Refrac- Optical 


B. p. Gravity tive Index Rotation 
Bedou- 
kian 205 0.966, 1 4855, + 92° 
206° 25° /25° 20° 
Triebs 80°, 0.972, 1.480 + 92° 
18 mm. 15° 
Found 205-206° 0.970, 1.4860, + 94°, 
25°/25° 20° 25° 


Quantitative Determination of Menthofurane.— 
Since menthofurane was the agent apparently re- 
sponsible for the low levorotation of type XK oil, 
work was undertaken to devise a quantitative 
method for the determination of this compound in 
peppermint oil. As it was not feasible to obtain 
pure menthofurane by fractionation of peppermint 
oil, due to the similarity in boiling points of other 
constituents, it was necessary to prepare it from 
some other source. The method reported by Bedou- 
kian (5) was used to prepare menthofurane from 
pulegone and the resulting product was used in the 
development of the quantitative assay. The physi- 
cal constants of this material as compared to those 
reported by Bedoukian and Triebs (6) for the same 
compound are listed in Table III. 
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Assay for Menthofurane.— Most oxidizing agents 
were found to produce a blue color with this com- 
pound. Oxidizing agents such as bromine, chromic 
acid, peroxides, and potassium permanganate were 
investigated but for various reasons were not suit- 
able for quantitative methods. 

Acids such as hydrochloric, nitric, and phosphoric 
caused the development of a pink color when added 
to solutions of menthofurane, but due to the differ- 
ences in solubilities of the mineral acids and men- 
thofurane they were not satisfactory color-develop- 
ing agents. Solvents such as acetone and glacial 
acetic acid, which dissolved the above acids and 
menthofurane were tried but it was found that ace- 
tone greatly reduced the sensitivity of the test, and 
glacial acetic acid was somewhat caustic to use asa 
solvent. 

In experiments with other acids, trichloroacetic 
acid was found to respond very favorably as a color- 
developing agent. Chloroform, previously satur- 
ated with water to insure a more uniform color de- 
velopment, was selected when it was found to be a 
good solvent for menthofurane, trichloroacetic acid, 
and peppermint oil. It also facilitated the rapid 
development of the color to be measured 

After the selection of trichloroacetic acid as the 
color-developing agent and chloroform as the sol- 
vent, a quantitative procedure was developed. One 
milliliter of a 0.01°) by weight of menthofurane 
solution in chloroform was pipetted into a 25-ml. 
volumetric flask and made up to volume with a 4% 
solution of trichloroacetic acid in chloroform. The 
resulting pink color was allowed to develop for forty 
minutes and the absorption curve of the colored 
compound was determined with a Beckman Spec- 
trophotometer. The maximum absorption was 
505 my and the transmittance followed Beer's law 
when the amount of menthofurane was in the range 
of 0.05 to 0.25 mg 


TasLe I\ CONCENTRATION OF MENTHOFURANE 
IN THE THREE Types OF NATURAL PEPPERMINT OIL 


Menthofurane 


Type 
5.2 
4.2 
K 10.6 


For the determination of menthofurane in pepper- 
mint oil the following method was used five 
standards were prepared by transferring 0.5, 1.0, 
1.5, 2.0, and 2.5 ml. of a standard 0.015, mentho 
furane solution into 25-ml. volumetric flasks. These 
solutions contained 0.05, 0.10, 0.15, 0.20, and 0.25 
mg. of menthofurane. One gram of oil was diluted 
1: 250 with chloroform, or diluted further in cases of 
high concentration of menthofurane, and 1 ml. of 
the diluted oil was transferred into a 25-ml. volu- 
metric flask. All solutions were made up to volume 
with a 4°; solution of trichloroacetic acid in chloro- 
form and allowed to stand for forty minutes. At the 
end of this time transmittance measurements were 
made at 505 my with the solution of trichloroacetic 
acid in chloroform as a blank 

A standard curve was prepared by plotting the 
transmittance against the concentration and the 
amount of menthofurane in the oil was determined 


by comparison of the transmittance of the developed 
color with the standard curve and this value multi- 
plied by the proper dilution factor. The concentra- 
tion of menthofurane in the three oils is reported in 
Table IV. 


DISCUSSION 


The peppermint oil produced in eastern Washing- 
ton was known to have a lower levo optical rotation 
than the product from western Washington and 
Oregon. On investigation of these oils a much 
larger fraction of a strongly dextrorotatory material 
was found in eastern Washington oil. The major 
component was identified as menthofurane which 
has an optical rotation of +94° and was present in 
sufficiently large quantities to influence the rotation 
ot the oil. 

The practical significance of the discovery of 
menthofurane as the causative factor of the low 
levorotation is centered around the possibility of 
increasing this constant by the removal of a portion 
of this compound. 

Experimentally it was found that type A oil with 
an optical rotation of —18° could be altered to 
—19.6° by removal of 5° of the oil distilled at the 
boiling point range of menthofurane. This indi- 
cated that it is possible to sufficiently alter the opti- 
cal rotation of a peppermint oil, substandard because 
of its low levorotation, by fractional distillation to 
make it comply with the U. S. P. requirements for 
optical rotation. 


SUMMARY 


Three samples of peppermint oil from different 
areas of the Pacific Northwest were fractionally 
distilled and the optical rotation of each fraction 
was determined. 

A quantitative colorimetric method for the 
determination of menthofurane was developed. 
Eastern Washington (type AK) oil was found to 
contain 10.6 per cent menthofurane; two other 
types (C and S) found in western Washington and 
Oregon contained 5.2 and 4.2 per cent, respec- 
tively. 

Other components identified in each of the 
three oils were: /-limonene, cineol, pulegone, 
menthone, menthol, acetic, and isovaleric acids. 
The acids were separated and estimated by chro- 
matographic technique. dl-a-Pinene was iden- 
tified in type S oil, and its presence indicated 
in types C and K oils. 
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Anthelmintic Activity of Fluorine-Substituted 
Phenols*t 


By MELVIN F. W. DUNKER{ 


A series of 4-fluoro-2-alkylphenols has been prepared and tested for ascaricidal ac- 
tivity in vitro by the Lamson technique. One 2-fluoro-4-alkylphenol has also been 
repared and tested, using 4-chloro-2-n-hexylphenol as a reference compound. 
e 2-n-amyl- and 2-n-hexyl-4-fluorophenols and 4-isoamyl-2-fluorophenol were as 


active as the 2-n-hexyl-4-chlorophenol. 


The identity of the fluorothymol pre- 


a is uncertain and the compound showed a low order of activity in the tests. 
hen saturated solutions were used in the tests, only the propyl and butyl deriva- 
tives showed appreciable activity. 


Gre the convenient preparation of both ali- 
phatic and aromatic fluorine-substituted 
organic compounds has become possible (1, 2), 
a number of investigators have studied the 
effect upon physiological activity resulting from 
the replacement of hydrogen by fluorine in a va- 
riety of active compounds (2-25), including a re- 
cent report on the ascaricidal activity of both 
aliphatic and aromatic fluorine-substituted com- 
pounds (26). 

In view of the reported increase in anthelmintic 
activity of certain alkylphenols resulting from the 
introduction of halogen into the aromatic nu- 
cleus, chlorine apparently being the most active 
in this respect (27), it was felt desirable to extend 
the investigation to include fluorine-substituted 
alkylphenols. Since the activity appeared to be 
greatest, in general, in those compounds in which 
the chlorine was para with respect to the hy- 
droxyl, a series of 4-fluoro-2-alkylphenols was 
prepared by methods described in the literature 
(14) and subjected to im vitro tests by the tech- 
nique described by Lamson (28). In addition, 
a compound which is probably 2-fluoro-4-iso- 
amylphenol was prepared from o-fluorophenol by 
way of the Fries rearrangement of the ester and 
reduction of the ketone. 

The diazotization of aminothymol in the pres- 
ence of sodium fluoborate followed by pyrolysis 
of the dry diazonium salt, redistillation of the 
product and crystallization from petroleum ether 
gave a white crystalline substance which may be 
fluorothymol. The product, as well as the thy- 
moxyacetic acid derivative, had a melting point 
which was different than that of thymol and its 
derivative, but the analytical data do not agree 
well with the theoretical. 
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The results of the tests on pig ascaris appear in 
Tables II and III. When 1: 1000 suspensions of 
the compounds in physiological saline solution 
were tested, the alkylfluorophenols with chains 
of 4 to 6 carbon atoms were as active in killing the 
worms within five minutes as was the 2-n-hexyl- 
4-chlorophenol used as a reference. The worms, 
however, were visibly damaged by contact with 
the phenol droplets in suspension and a second 
batch of worms placed in the same suspension 
generally showed a lowered mortality rate. 
When the worms were placed in saturated solu- 
tions of the phenols in physiological saline solu- 
tion strained free of droplets or particles, the re 
sults were much as expected, namely, low mortali- 
ties even after twenty minutes, except in the 
cases of the two phenols with the lowest molecular 
weights. Perhaps the effectiveness of the propyl- 
and isobutyl-derivatives in the saturated solutions 
may be an indication of an approach to a favor- 
able solubility range. 

Through the courtesy of Drs. W. T. Sumerford 
and R. W. Fay of the Communicable Disease 
Center of the U. S. Public Health Service, 
Savannah, Ga., samples of some of the com- 
pounds were subjected to tests against house- 
flies and mosquito larvae. The compounds 
proved to be of a low order of effectiveness as 
insecticides when compared to DDT or Chlor- 
dan. Two of the compounds had pronounced 
fumigant action against houseflies. 


EXPERIMENTAL' 


2-Alkyl-4-fluorophenols.—The synthesis of the 
2-alkyl-4-fluorophenols used in this study followed 
the scheme employed by Suter, Lawson and Smith 
(14) with only a few minor variations. The data 
for the 2-alkyl-4-fluorophenols prepared are shown 
in Table I. 

2-n-Hexyl-4-chlorophenol.—The procedure out- 
lined by Klarmann (30) for preparing 2-alkyl-4- 
chlorophenols was followed. The 2-n-hexyl-4- 

! Melting and boiling points are uncorrected. Micro 


carbon and hydrogen analyses by Adalbert Elek, Los Angeles, 
Calif. 
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Tasie 


Pres Pres., ——— 
Mm Mm Calculated Found 
Alkyl B. p. Hg B.p He ny ¢ H c H 
n-Propyl 89-90 5 1. 5088 67-68 2.5 1.5000 70.09 7.13 69.79 7.21 
n-Butyl 105 6 1.4945 9-91 1.4964 
?-Butyl 96-97 5 1.4969 * 71.40 7.78 73.62 8.15 
n-Amyl 112 5 1.4965 104.5-105 5 4 1.4958 72.49 8.30 71.72 8.37 
n-Hexy! 124-125 5 1.4956 106-107 2.5 1.4956 73.43 8.74 73.51 8.71 
n-Heptyl 136 5 1.4958 we 


chlorophenol had the following properties: b. p. 
133-145° at 3 mm., n%} 1.5247 [Ref. (30), 132° at 
3mm.) 

Anal.—Caled. for CpHwOCl: C, 67.75; H, 8.06. 
Found: C, 67.65; H, 8.17. 

The preparation of 4-isoamyl-2-fluorophenol was 
carried out according to the following reaction 
series : 


OEt OEt 
a NH, NaNO, + HCl a _N:BF, 
OEt on 
( \F AICh )F RC—CI 
\ 
ob. R OH OH 
C—R | 
H,C—R 
© 


o-Fluorophenetole.--The diazonium compound 
was obtained in 75% to 80% yields when 3 mole 
batches of o-phenetidin was diazotized in the pres- 
ence of a 20% excess of sodium fluoborate. The 
dry pyrolysis yielded o-fluorophenetole boiling 82- 
85° at 33 mm.; m4? 1.4938 [Ref. (31) b. p. 67° at 
i4mm.; n'y 1.49315). 

o-Fluorophenol.— Heating o-fluorophenetole 
anhydrous benzene with anhydrous aluminum 
chloride (14) gave o-fluorophenol, b. p. 60-65° at 15 
mm.; 1.5152 [Ref. (31) 52.9° at 14mm.; 
1.51602]. 

o-Fluorophenyl isovalerate...From 42 Gm. o 
fluorophenol and 50 Gm. (10% excess) isovaleryl 
chloride there was obtained, after distillation 
through a Vigreux-type column, 65 Gm. of a frac- 
tion boiling at 93° at from 4 to 3 mm.; n\f 1.4730. 

Anal.—-Caled. for C,,H,O.F: C, 67.33; H, 6.68. 
Found: C, 67.81; H, 6.87. 

o-Fluoro-4-hydroxy-isovaleroph —When 63 
Gm. of the ester was rearranged with aluminum 
chloride in carbon disulfide (32) and the product 
hydrolyzed with hydrochloric acid (1:1), a black 
oily layer separated and partially solidified. The 
solid which formed was separated with the aid of 
benzene and the filtrate and benzene washings dis- 
tilled. The distillate partially solidified, the crystals 
were separated and the combined solids crystallized 


several times from a mixture of benzene and 
petroleum ether, using charcoal to remove the color. 
The white crystals melted at 100-101° and re- 
melted at the same temperature. When treated 
with semicarbazide hydrochloride, a derivative was 
obtained melting 187—188° after recrystallization 
from dilute alcohol. 

Anal.—Caled. for C),Hy,O.F: C, 67.33; H, 6.68. 
Found: C, 67.55; H, 6.58. 

2-Fluoro-4-isoamylphenol.—The reduction of the 
ketone was carried out with hydrogen in the pres- 
ence of palladium supported on charcoal (33). The 
color reaction of Cox (34) was used to test for com- 
pleteness of reduction. The 3-fluoro-4-hydroxy- 
isovalerophenone dissolved in alcohol gave a reddish 
violet color with ferric chloride. A sample of 7 
Gm. of the ketone dissolved in 75 cc. absolute alcohol 
was treated with hydrogen and the catalyst pre- 
pared with 3 ml. of 5% palladium chloride on 3 
Gm, charcoal on a Parr hydrogenating apparatus 
at an initial pressure of 49.5 lb. At the end of six 
hours, one-half of the theoretical amount of hydro- 
gen had been taker up. The bottle was opened and 
3 ml. of 5% palladium chloride solution added. In 
the next four hours, the amount of hydrogen con- 
sumed brought the total up to about 80% of the 
theoretical. After removal of the catalyst and the 
alcohol, the viscous liquid weighed 6.47 Gm. and 
gave a pale blue-green color with ferric chloride. It 
could not be made to crystallize. Two other runs 
with the same weight of material behaved similarly. 
The combined oily residue was distilled from a 50- 
ec. Ciaissen flask, the side arm of which was packed 
with glass helices. The fraction boiling 103° at 
6 mm., n7} 1.4946, weighed 10 Gm. 

Anal.—Caled. for CyhyH,yOF: C, 72.49; H, 8.30. 
Found: C, 72.60; H, 10.37. 

Fluorothymol.—In view of the fact that thymol 
and chlorothymol have been used as anthelmintics 
from time to time and since Lamson (27) had found 
chlorothymol to have some in vitro activity against 
pig ascaris, it seemed desirable to test fluorothymol 
Even though the diazotization of aminophenols is 
commonly attended with much coupling and dye 
formation and 4-aminothymol is easily oxidized, 
an attempt was made to prepare fluorothymol by 
diazotization and decomposition of aminothymol. 

Aminothymol was prepared according to Kremers 
(35), beginning with 50 Gm. thymol. The crude 
bright yellow aminothymol, after thoroughly rins- 
ing with cold water on the Biichner funnel until 
nearly neutral to litmus, was immediately added 
to a cold mixture of 145-cc. concentrated hydro- 
chloric acid and a solution of 44 Gm. sodium fluo- 
borate in 100 cc. water and cooled in an ice-salt bath 
to 0°. A solution of 21 Gm. sodium nitrite in 35 
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ce. distilled water was added slowly with stirring 
during one hour. The mixture was stirred for an 
additional! half-hour in the ice-salt bath and filtered 
on a Biichner funnel. The solid was washed with 
ether and put in a vacuum desiccator over phos- 
phorus pentoxide. The dry diazonium compound 
weighed 27.5Gm. This reaction series was repeated 
two times. 

The combined purple solids were decomposed in 
a l1-liter flask in the usual fashion. The decom- 
position residue along with a small amount of oily 
distillate was steam distilled. The oily layer was sep- 
arated, the water saturated with salt and extracted 
with ether. The combined ether and oil was dried 
over sodium sulfate and distilled. The fraction dis- 
tilling 120-124° at 15 mm. weighed 8.5 Gm. and was 
an orange liquid which solidified nearly complete!y in 
the receiver. The solid was soluble in warm petro- 
leum ether and on cooling formed prismatic crystals. 
Repeated crystallization along with treatment with 
charcoal gave white prisms melting 56 to 56:5° and 
re-melting at the same temperature. Thymol 
crystallized from petroleum ether melted 50-51°. 
A mixed melting point of thymol and the new com- 
pound gave a melting range of 48-50°. Both thy- 
mol and the product of the reaction when dissolved 
in alcohol gave no trace of red, blue, or green color 
with ferric chloride. The results of the analysis 
approach the values for fluorothymol. 

Anal.—Caled. for CjHyOF: C, 71.40; H, 7.78 
and for CwH,O: C, 80.00; H, 9.39. Found: C, 
72.86; H, 8.30. 

The thymoxyacetic acids were prepared from 
thymol and from the fluorothymol (36). The 
derivative obtained from fluorothymol after crystal- 
lization from aqueous alcohol melted 128-129° while 
the derivative from thymol melted 150-152°, and the 
mixed melting point was 142-146° with some 
shrinking at 127°. The analysis permits some 
uncertainty as to the identity of the compound. 

Anal.—Caled. for CisH,0;F: C, 63.70; H, 6.68. 
Found: C, 65.21; H, 7.06. 

In view of the low yield of material, it was thought 
that better results would be obtained by first pro- 
tecting the phenolic hydroxyl group. The crude 
aminothymol was treated with aqueous sodium 
hydroxide and dimethylsulfate (37). The brown 


439 


solid was filtered off, washed with water, and 
diazotized below 5° in the presence of fluoborate 
ion. Pyrolysis and steam distillation of the solid 
yielded a small amount of oil, most of which was 
soluble in 10% aqueous sodium hydroxide solution. 
Two similar runs likewise yielded very little mate- 
rial. 

In carrying out the in vitro tests, the technique 
described by Lamson (28) was adhered to as closely 
as possible. Such minor variations as were intro- 
duced were applied uniformly. Beakers of 400 ml. 
capacity were found to be crowded, particularly 
after inserting the screen to protect the worms from 
the stirrer, and 800-ml. beakers with 600 ml. of 
saline and 0.6 Gm. of compound were used instead. 
The liquid was stirred by hand in the two-minute 
exposure tests. The beakers were immersed in a 
water bath controlled to 37.5° = 0.1°. A twenty- 
four hour observation period was found more con- 
venient than the twenty-hour period used by 
Lamson. Since a series of preliminary tests using 
only two worms at each time interval indicated 
that exposure of the worms to the phenols for thirty 
minutes was fatal in most instances, the later tests 
were limited to this period of time. 

In the preliminary tests it was noted that the 
worms became coated with the phenols on immer- 
sion and removal from the suspensions and the ex- 
cess could not be removed by rinsing for one or more 
minutes in running warm tap water. It was ob- 
vious that the effect of the agents was extending 
beyond the exposure times indicated. When a 
second lot of worms was immersed in the same sus- 
pension, a higher survival rate was generally ob- 
served. The results obtained with two sets of 
worms in the same suspension are shown in Table 
II, the (1) and (2) representing the first and second 
lots of worms placed in the same suspension. It 
may be noted that in the suspensions of the fluoro- 
phenols, the worms seemed to be either paralyzed 
or killed more quickly than in the chlorophenol 
since their activity subsided more quickly, even 
though the exposure to the chlorophenol was even- 
tually fatal to the worms. 

A set of tests was also run in which saturated 
solutions were used. To samples of physiological 
saline solution warmed to 45° was added an excess 


TABLE II. 
(At least 10 Worms per Beaker for Each Time Interval; Second Lot of Worms in Beakers as Indicated; 


Compound 
2-n-Propyl-4-fluorophenol 


2-i-Butyl-4-fluorophenol 
2-n-Amyl-4-fluorophenol 
2-n-Hexyl-4-fluorcphenol 
4-i-Amy]-2-fluorophenol 
Fluorothymol 
2-n-Hexyl-4-chlorophenol 


Chlorothymol 


% Dead Shown) 


Time, 
5 


| | 
¢ 
/ 
2 10 20 30 
a) 10 Ww... 
(2) 40 20 30 90 aa 
(1) 20 100 100 100 aa 
(2) 45 30 80 100 
J (1) 100 100 100 
(2) 70 100 100 
> (1) 100 100 100 100 : 
(2) 90 100 : 
(1) 100 100 100 100 : 
(2) 100 100 100 100 ae 
(1) 0 0 38 8S 88 
we 70 100 100 
(1) 100 100 100 100 
(2) 60 55 60 80 
(1) 0 30 70 100 
20 60 100 
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of the liquids or finely powdered solids and the REFERENCES 


flasks attached to a mechanical shaker for one hour 
and then set aside for eighteen hours in the in- 
cubator. Before use, 300-cc. portions of the solu- 
tions were decanted through cotton into 400-cc. 
beakers in the thermostat bath. Twenty worms 
were added at one time and the beakers stirred 
occasionally by hand. At the end of ten minutes, 
ten worms were removed, rinsed, and transferred to 
physiological saline. After twenty minutes, the 
remaining ten worms were removed. The results 
are found in Table IIT. 


Taste III. 


(300-Cce. Saturated Solutions in 400-Cc. Beakers; 
20 Worms Added; 10 Withdrawn at Ten Minutes 
and Remainder at Twenty Minutes; % Dead 


Shown) 
Time, Minutes 
Compound 10 2 
2-n-Propyl-4-fluorophenol 100 100 
2-i-Butyl-4-fluorophenol 100 100 
2-n-Amyl-4-fluorophenol 10 90 
2-n-Hexyl-4-fluorophenol 0 0 
0 30 
Fluorothymol 10 0 
2-n-Hexy]l-4-chlorophenol 0 0 
Chlorothymol 10 10 
SUMMARY 


1. Four 2-alkyl-4-fluorophenols and one 4- 
alkyl-2-fluorophenol have been prepared and 
tested for ascaricidal activity by the Lamson tech- 
nique. In the presence of excess phenol (1: 1000 
suspensions), the 2-n-amyl- and the 2-n-hexyl-4- 
fluorophenols and the 4-i-amyl-2-fluorophenol 
were as active as the 2-n-hexyl-4-chlorophenol 
used for comparison. A more rapid cessation of 
activity was noted among the worms in the sus- 
pensions of the fluorophenols. 

2. The 2-n-propyl- and the 2-i-butyl-4-fluoro- 
phenols showed the same degree of activity in 
ten minutes in the absence and presence of 
excess phenol, whereas the higher homologs and 
the 2-7 -hexvl-4-chlorophenol showed little or no 
ascaricidal activity in the absence of excess 
phenol. 

3. The compound which may be fluorothymol 
displayed a low order of activity. 
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Radio-Frequency Drying of Tablet Granulations*+ 


H. BIKIN{, GLENN L. JENKINS, and H. GEORGE DeKAY 


The stray field which exists around a pair of electrodes consisting of a series of 
parallel copper tubes set in one plane and energized by means of a radio-frequency 
oscillator is used to dry tablet granulations. 


The equipment used and the procedure 


followed in this investigation are outlined. Data presented include the peak radio- 
frequency voltages, the power used, the maximum temperatures attained, the rate of 
drying, and the percentages of water removed from the various chemicals in the form 


I A previous paper (1) the authors have 

pointed out the desirability of drying tablet 
granulations by the use of radio-frequency power 
and have discussed the fundamental concepts 
relative to this subject. 

Although the parallel plate electrode arrange- 
ment was used in the preliminary work men- 
tioned, this investigation was based upon the 
use of the stray field which exists around a pair 
of electrodes consisting of a series of parallel 
copper tubes set in one plane. Alternate tubes 
were connected to a brass bar on one side and a 
similar arrangement was made on the other side 
for the remaining unconnected tubes. One 
brass strip with its attached copper tubes was 
connected to the high-voltage source at the os- 
cillator and the other electrode was connected to 
the ground lead. When the oscillator was placed 
in operation the electrical field formed between 
the copper tubes tended to form an ellipsoidal 
shape concentrated at each electrode. The ma- 
terial to be dried was then passed through this 
field on a canvas belt. 

The rate of heat transfer in common heating 
methods is a function of the temperature differ- 
ence between the heat source and the work (2). 
In ordinary drying methods heat is first applied 
to the perimeters of the material and it is then 
transferred to the center. With the use of radio- 
frequency power for drying, heat is generated 
within the substance so that the entire mass is 
uniformly heated. 


EXPERIMENTAL 


Equipment.—-A model 2 Thermex High Fre- 
quency Unit manufactured by the Girdler Corp. 
of Louisville, Ky., was used as the oscillator for this 
project. Other equipment used in conjunction 
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with the Thermex Unit consisted of a canvas belt 
conveyor driven at a speed of 1 foot per three min- 
utes of time, a pair of electrodes of copper tubing 
mounted on brass strips, a thermocouple made of 
copper wire (No. 26 wire, calibrated 1921) and a 
constantan wire (No. 30 wire, calibrated 1921) 
mounted on a dowel rod. One junction of the ther- 
mocouple was then inserted into the granules about 
3 inches from one end of the electrodes, and the 
other junction was placed in an ice-well for constant 
temperature reference. The leads of the thermo- 
couple were connected to a Fisher Student Potentiom- 
eter and a Student Cell. A sensitive galvanom- 
eter and a source of d.-c. energy (two 1.5-volt 
dry cells in series) were connected to the other side 
of the bridge which the potentiometer forms. A 
Radio-Frequency Voltmeter manufactured by the 
Girdler Corp. was connected between the high- 
voltage electrode and the ground electrode to meas- 
ure the peak radio-frequency voltages. A General 
Electric single-phase, watt-hour meter, type 1-20, 
was connected to the input power line between the 
Thermex Unit and the fuse box. A removable 
wooden feed hopper was installed at one end of the 
conveyor belt to feed the granular material onto the 
belt. A rubber-covered wooden shaft with rows of 
brads driven into it to an even height was mounted 
in the feed hopper to prevent the granules from 
lumping. An adjustable metal blade determined 
the thickness of the granule layer. The electrodes 
were mounted on an old X-ray stand which allowed 
them to be raised or lowered with precision. A 
horizontal leveling swing was also used. A small 
fan was placed 3 feet from one end of the electrodes 
and allowed to blow the vapor which had been re- 
leased away from the granules and electrodes. If 
the fan had not been used, a condensation of mois- 
ture upon the electrodes whould have taken place 
and the drops of water would then have fallen back 
into the granulation. 

Procedure.—In general, all experimental work 
was Carried out in the following manner: a chemical 
was moistened with starch paste, granulated, and 
then dried by the use of radio-frequency power. 
Each run under the electrodes was timed and the 
moisture determinations were made upon the 
samples taken after each run 

The procedure given in detail in the following 
paragraphs was adhered to in all experiments. 

The Thermex Unit was set to operate at 9.1 mega- 
cycles and the power was fed to the center of the 
electrodes to obtain a more even voltage distribu- 
tion across their length. One thousand grams of 
the chemical was placed in a mixer bowl (Kitchen 
Aid) and 25% starch paste (one part starch and 
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Tasie I.—Dryinc Data or ORGANIC AND INORGANIC CHEMICALS, PEAK R-F VoLTAGES,* TEMPERATURES 


Peak R-F 


Voltages, 
Chemical Kv 
Acetanlid 6.0 
Acetophenetidin 5.5 
Acetylsalicylic Acid 5.0 
Ascorbic Acid 5.5 
Aminopyrine 6.0 
Barbital 5.0 
Bismuth Subcarbonate 6.0 
Bismuth Subnitrate 6.0 


Calcium Carbonate 
Calcium Gluconate 
Calcium Lactate 
Calcium Phosphate Dibasic 
Dextrose 

Ephedrine Sulfate 
Ferrous Sulfate 
Lactose 

Magnesium Carbonate 
Magnesium Oxide 
Magnesium Trisilicate 
Menadione 
Nicotinamide 
Nicotinic Acid 
Phenobarbital 
Phenobarbital Sodium 
Quinine Sulfate 
Riboflavin 

Saccharin 

Saccharin Sodium 
Sodium Biphosphate 
Sodium Salicylate 
Starch 

Sucrose 

Sulfadiazine 
Sulfanilamide 
Sulfathiazole 
Thiamine Chloride 


Cron 
=i 


AND RaTEs oF DRYING 


Power, Temp Rate of Drying, 

Kw.-Hr. Gm./Min. 
2.0 56 1099 
2.5 59 1294.0/69.5 
1.3 71 1090 .0/40.7 
0.5 40 1030.0/19 
2.0 64 1094.0/61 
1.3 54 1096 .0/48.5 
1.5 65 1145.2/44 
1.3 78 1084 .2/41 
2.0 59 1188 .5/60 
2.1 60 1178.5/59.5 
1.9 60 1184.5/62.5 
1.7 59 1140. 5/56 
0.7 64 1046 .2/24 
68 1078.7/35.5 
0.8 56 1037 .0/24.5 
2.4 64 1039.7/7% 
1.9 65 1276.2/64.5 
1.8 50 1346 .0/59 
59 1068 .9/35 
1.1 48 1049 .0/35.5 
1.1 57 1072.5/37 
1.4 49 1060.0/39 
0.8 42 1044.0/22.5 
0.8 55 1049.0/21.5 
0.6 52 1043 .2/19 
1.5 72 1082 .2/44.7 
1.2 1056 .0/41 
0.4 1047 .0/44 
0.4 62 1035.0/16.5 
2.3 56 1164.5/79 
0.6 49 1026.0/19 
1.5 60 1157 .5/45.7 
1.2 50 1074. 5/37 
1.3 1090 .2/44 
0.7 58 1038.0/19 


* Dextrose could not be dried with radio-frequency power because the heating of the dextrose increased the solubility in 
the moisture present more rapidly than the moisture was vaporized and removed. Consequently a soggy mass which lost 


all resemblance to a granulation was obtained 


+» The average temperature obtained for the organic chemicals dried is 55 9° with a range of 42° to 72°. The average tem 
peratures obtained for the inorganic salts dried is 62.8° within a range of 50° to 78°. Comparatively, there is an approximate 


6° difference in the average temperatures and in the ranges 


three parts of water heated with stirring until 
thickened and then cooled) was slowly added while 
the mixer was operating until the proper consistency 
of the material for granulating purposes was ob- 
tained. If the dose of the chemical was small or if 
the chemical was very expensive, a small quantity 
(10%) of it was used and the total weight was then 
brought to 1000 Gm. with lactose before the starch 
paste was added. When properiy wetted, the 
chemical was then granulated through either a 16- 
or 20-mesh sieve. A sample of this granulation was 
taken in a tared weighing bottle for moisture de- 
terminations. The conveyor belt was then started 
and the feed roller in the hopper was adjusted to the 
proper speed, and the power to the Thermex Unit 
was turned on. While the Unit was warming up, 
the Radio-Frequency Voltmeter was turned on and 
the reading on the watt-hour meter was taken. A 
stop watch was used for timing the drying interval. 

The granules were then fed into the hopper and 
the drying time was taken to be that interval during 
which the granules were exposed to the high-fre- 
quency field. The granules were collected in a pan 
and another sample was taken in a tared weighing 
bottle. This procedure was followed from one to 


three times depending upon how well the material 
dried. A sample was taken for moisture determina- 
tion after each run. 

The samples taken for moisture determination 
were all in duplicate and they were then either dried 
in a thermostatically controlled oven for five hcurs 
at 100° or they were placed in a vacuum desiccator 
over sulfuric acid until they reached a constant 
weight. The percentage of moisture was then cal- 
culated and the duplicate samples averaged. 

The thermocouple was calibrated by taking the 
potentiometer readings while the junction was in an 
oil bath, which contained a thermometer, and 
graphing the results. 

From the work carried out in this problem it may 
be said that the stray field method of using radio- 
frequency power to dry tablet granulations does not 
alter their chemical composition to any appreciable 
extent regardless of whether the granulation con- 
sists of an organic or inorganic material. The dif- 
ferences in chemical assay before and after drying 
with radio-frequency power may be explained by 
taking into account possible sampling errors and 
slight errors in analytical technique and by con- 
cluding that radio-frequency dried samples assay 
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TasBLe D&TERMINATIONS* OF ORGANIC AND INORGANIC CHEMICALS? 


ist Run 
8.9 
13.3 


Residual 
3.8 


Chemical 
Acetanlid 
Acetophenetidin 
Acetylsalicylic Acid 
Ascorbic Acid 
Aminopyrine 
Barbital 
Bismuth Subcarbonate 
Bismuth Subnitrate 
Calcium Carbonate 
Calcium Gluconate 
Calcium Lactate 
Calcium Phosphate Dibasic 
Dextrose 
Ephedrine Sulfate 
Ferrous Sulfate 
Lactose 
Magnesium Carbonate 
Magnesium Oxide 
Magnesium Trisilicate 
Menadione 
Nicotinamide 
Nicotinic Acid 
Phenobarbital 
Phenobarbital Sodium 
Quinine Sulfate 
Riboflavin 
Saccharin 
Saccharin Sodium 
Sodium Biphosphate 
Sodium Salicylate 
Starch 
Sucrose 
Sulfadiazine 
Sulfanilamide 
Sulfathiazole 
Thiamine Chloride 


Percentage of Water Removed 
un 3rd Run T 


os 


ROM 
SBE 


= 


4 
9 
2. 
9. 
9. 
7 


* Granules whose moisture did not exceed 20°) could be dried by means of radio-frequency power. When the moisture 
exceeded 20%, the time of drying, the power used, and the residual moisture rose perceptibl 

6 Drying tabiet granulations with this particular equipment could be improved if the speed of the conveyor belt could be 
reduced to the proper rate. There were some granulations which were passed under the electrodes three separate times 
Each time that a granule mass passed under the electrodes, the material itself had to be heated before the moisture vaporized 


to any appreciable extent. 


t In the intervals of sampling and passing the granules under the electrodes after the first run, 
cooling took place and this heat had to be replaced before drying would occur again 


If the belt were to travel half as fast as 


it does, no heat would be lost since only one run would be necessary and the actual drying time would be increased in propor- 


tion to the total time consumed for the operation. 


slightly higher because they were dried more thor- 
oughly. 

An important consideration was the melting point 
of the principal constituent. If the melting point 
of a substance was low, power had to be adjusted 
so that the material did not melt. In this respect, 
the distance separating the granules and the elec- 
trodes had to be carefully watched. The closer 
the electrodes were to the material, without touch- 
ing it, the greater the coupling between the field 
and the material, with a consequent increase of 
transfer of power to the material. 


CONCLUSIONS 


1. The stray field of a series of parallel elec- 
trodes which are energized by a radio-frequency 
oscillator can be used to dry satisfactorily many 
tablet granulations. 


2. Using a power cost of 2 cents per kilowatt- 


hour, drying by means of radio-frequency power 
costs 0.51 cent per 100 Gm. of water removed 
from the organic chemicals and 1.39 cents per 100 
Gm. of water removed from the inorganic ma- 
terials. 

3. The stray field method of using radio-fre- 
quency power to dry tablet granulations appears 
to be best adapted to a single large volume granu- 
lation rather than to various types of small quan- 
tity granulations because of the lack of data on 
the many variable factors concerned with the 
optimum operation of this type of equipment. 
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wetting, dispersing, and free-flowing characteris- 
tics as well as the possibility of preparing a rela- 
tively homogeneous mixture of spray-dried pow- 
ders. 

The application of spray-drying techniques to 
the direct processing of pharmaceuticals has re- 
ceived some attention in foreign journals. 
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| Studies on Pharmaceutical Powders and the State 
of Subdivision. IV. The Application of 
Spray-Drying Techniques to 
* 
Pharmaceutical Powders**t 
By S. RIEGELMAN,{ J. V. SWINTOSKY, T. HIGUCHI, and L. W. BUSSE 

An examination of the usefulness of the spray-drying apparatus in modifying the 

physical, pharmaceutical, and pharmacological properties of medicinal substances 

is reported. Spray-drying appeared to be a useful method of modifying the surface 

area of a powdered substance during its preparation. The addition of wetting and 

suspending agents modified spray-dried powders, such as precipitated sulfur and 

mercuric sulfide, so that aggregation effects of the drying procedure were elimi- 

nated. The method produced a free-flowing, easily wetted, monodispersible powder. 

Methylcellulose can be spray-dried to a fine powder; by previously adding a wetting 

agent, the methylcellulose so produced was found to redissolve rapidly as well as 

disperse in oil, and with the su eet addition of water to yield a stable emulsion. 

Colloidal sulfur was prepared and spray-dried. The dried product was found to 

be redispersible into its original unaggregated state. Surface areas are reported 

ra and preliminary bacteriological data are presented showing the relation of the 

antiseptic action to the surface area of the various sulfurs. 

. : I ‘as study was undertaken (@) to investigate Bullock and associates (2) reported that a spe- 
the characteristics of spray-dried pharma-_ cially constructed spray-dryer made possible the 
z ceutical powders and (b) to study the possibility drving of blood plasma and human sera into 
os of improving the physical and pharmacological _ sterile powders with little or no change of the 
ae: properties of medicinal substances. Spray-drying materials when reconstituted. The anti-A and 
Z apparatus has proved useful in certain pharma- anti-B agglutinins of the human serum were 
ceutical manipulations, especially in the handling fully preserved. Pepsin was dried without 
of waste products and in the removal of toxic or diminution in activity as judged by the assay 
refuse materials from large volumes of liquids and _ procedure of the United States Pharmacopeia; 
slurries which are found in commercial proce- muscle extracts completely retained their sensi- 
dures (1). They have found great application in tive glycolytic enzyme system, while the peroxi- 
the soap and food industries in the direct process- dase found in fresh cow's milk was present in the 
e ing of various products. However, the apparatus spray-dried powder. In addition, Bullock and 
4 has not found large acceptance in the handling of associates (3, 5), reported on the drying of 
. pharmaceutical products. It was felt that an  calumba, quassia, senna, senega, digitalis, gentian, 
nS examination of the usefulness of the apparatus in cascara, and krameria, and on the drying of ex- 
oe modifying the physical and pharmaceutical tracts of krameria, glycyrrhiza, gentian, and 
properties of medicinal substances might prove  cinchona. In all cases they found that the 
s fruitful. Such examination would include the powders obtained redissolved in water to give a 
vie) possibility of varying the particle size of the sub- solution as clear as the original solution. An in- 
sag stance, the effects of certain additives on the fusion of digitalis when spray-dried at 100° C. 


showed a loss in activity not exceeding 5 per cent 
and formed a free-flowing, dark green powder 
easily soluble in water. A buffered 1: 2,000 solu- 
tion of epinephrine when spray-dried and recon- 
stituted showed no loss of activity. These studies 
confirm the conclusion that the method is applica- 
ble to thermolabile substances. The very rapid 
heat transfer in addition to the quick removal of 
freed material from the heated air reduces the 
possibility of decomposition. The only other re- 
corded work on pharmaceutical products is that 
of Prokofiev (6) who reported that the alkaloidal 
concentration of spray-dried belladonna extracts 
could be varied by the method of preparation. 
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No investigation of the physical characteristics 
of the spray-dried materials or the modification 
thereof has been found in literature. 

In this report the spray-drying process and the 
physical properties of powders thus prepared are 
presented for the following substances: boric 
acid, methylcellulose, sulfanilamide, precipitated 
sulfur, mercuric sulfide, sulfadiazine, and colloidal 
sulfur. 


APPARATUS AND PROCEDURE 


_A spfay-dryer cotisists essentially of a drying 
chamber, a sotir¢e of hot gases, a means of atomizing 
the liquid feed, and a method of sepatating the dry 
product from the exhaust gases. 

The Bowen Laboratory Model Spray Dryer 
used in these experiments consisted of a staitiless 
steel drying chamber about three feet in height. 
The heating source is a gas burner at the side of the 
main drying chamber and is connected to it by a con- 
duit leading to the top of the chamber. The air tem- 
perature is controlled by a mercury thermal element 
working on a pressure control switch, which auto- 
matically adjusts the flow of gas to the burner. The 
atomization is accomplished by the use of a centrif- 
ugal atomizer driven at 50,000 revolutions per 
minute by 100 Ib./sq. in. compressed air. The com- 
pressed air is furnished by a specially installed com- 
pressor. The separation is accomplished by a cy- 
clone collector. A positive movement of air is de- 
veloped by a suction turbine at the exhaust end of 
the apparatus. 

A sptay-dryet creates a highly dispersed liquid 
state in a high temperattire gas zone. The large sur- 
face of contact betweeti the droplets and the air 
makes possible a high rate of vaporization. The in- 
dividual droplets assume a constant equilibrium tem- 
perature, just as any free liquid surface assumes the 
wet-bulb temperature of the air. Becatse of the large 
total drying surface, the drying time in a spray-dryer 
is measured in a fraction of a second, while the over- 
all contact time will not exceed thirty seconds in the 
largest of dryers. 

Hot gases enter around the centrifugal atomizer 
and are given a swirling motion by fixed vanes. This 
aids in the intimate mixing between the hot gases 
and the spray. Cold air inlets at the side of the dry- 
ing chamber near the bottom allow for more rapid 
cooling of the dry product if it be desired. The gases 
convey the dry product to the cyclone collector. An 
air sweeper driven by the reaction of high velocity air 
jets issuing from its trailing edge, keep the chamber 
floor clean by blowing any accumulating product 
into the path of exhaust gas flow. The atomizer is 
of the inverted saucer type, two inches in diameter. 

Two different means of controlling the feed supply 
were used. One was a gravity feed used with froth- 
ing liquids or slurries; the other was so constructed 
to maintain a constant pressure head. The rate of 
feed of the liquid or slurry was controlled through 
the use of a needle valve or a screw clamp. 

Exact adjustment of the feed rate, spray charac- 
teristics, the inlet temperature, and the wall tem- 
perature was essential for optimal results. The 
proper conditions for any given experiment were de- 
termined by the manipulation of the various 
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parameters until the desired product was obtained. 
Careful reproduction of the conditions was required 
in order to obtain identical products. 

Following each run it was essential to wash down 
the spray chamber and a portion of the metal con- 
duits. The air turbine had to be dismantled, and all 
portions which had contact with the liquid feed had 
to be completely freed of any caked or dried ma- 
terial. Contamination of a new product with the 
former experimental material was a constant threat. 

From the outset the apparatus was not intended to 
serve as an engineering tool. Instead it was used to 
investigate the properties of the dry products re- 
sulting from the spray-drying. No complete study 
was made of optimum yields obtainable. 


EXPERIMENTAL 


Boric Acid.—Two liters of a 5% solution of boric 
acid was spray-dried under an inlet temperature of 
350° F. The amount of the sample collected was 
about 50 Gm. or around 60° considering the hold- 
back of solution in the feed device. Five liters of a 
2% solution was spray-dried, and 35 Gm. was col- 
lected. The total time of the run was forty minutes. 
The rate of feed was approximately 2 cc. per 
second. Weighed samples were prepared and 
titrated according to the U. S. P. XIII assay and 
compared with an untreated crystalline U. S. P. 
XIII grade. The following are the results recorded 
in per cent of boric acid, H;BO;: 


1. 97.6% 
2. 98.2% 
Spray-dried boric acid 
9 
1 


Boric acid control 


98.7% 
2. 98.5% 
Spray-dried boric acid (2%) . 97.6% 
2. 97.7% 
Rate of Solution.—The following test for the rate 
of solution of the material was made. The time 
necessary for the solution of sufficient sample to 
make 100 cc. of a 3% w/v solution was noted. 
Each sample was tested under similar conditions of 
agitation and temperature. One test was taken by 
stirring with an electric motor running at 800 r. p. m., 
while another was taken with hand shaking with pre- 
scription bottles. Three runs were taken by each 
method and average times recorded: 
Acid, Min. 
Motor 10 
Hand 1.5 


Spray-Dried Boric 
Acid, Sec. 


125 
Less than 20 


From the physical observation, the spray-dried 
samples appeared to be lighter and of greater bulk 
than the U.S. P. powdered grade. 

Methylcellulose.—-A solution of 100 c. p. s. 
methylcellulose! was spray-dried from a 0.75% solu- 
tion. Due to the physical characteristics of the 
material, a high feed rate was necessary to prevent 
the material from forming filaments on the atomizer 
disk. The dry powder obtained was extremely 
bulky in form and would easily disperse under a 
slight air motion. It also appeared highly charged. 
To a similar 0.75% solution of the 100 c. p. s. 
methylcellulose sufficient dioctyl sodium  sulfo- 


' The methylcellulose used in these experiments was Dow 
Methocel of the specified viscosity grade. 
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succinate was added to make a 1:10,000 solution. 
The dry product which resulted was similar in 
physical form to that prepared above. 

Dispersing Characteristics.—A small portion of 
the latter spray-dried product was sprinkled on the 
surface of water and it was observed to disperse it- 
self over the entire surface. In a matter of seconds, 
it was completely dissolved. Ifa large portion of the 
spray-dried material was placed on the surface of 
the water, it formed an aggregated mass which would 
dissolve in a matter of a minute without the aid of 
stirring. 

Sufficient sodium lauryl sulfate was added to a 
0.75% methylcellulose solution to prepare a 1: 20,000 
solution. The spray-dried material which resulted 
contained 0.5°% of the wetting agent. Similar re- 
sults were observed for the wetting characteristics of 
the material. 

Solubility and Emulsifying Properties.—The 
spray-dried methylcellulose was instantly dispersible 
in mineral oil. Upon addition of water and subse- 
quent agitation by shaking, a stable emulsion was 
formed. The product was also instantly dispersible 
in glycerin and the product could be diluted with 
water to the desired viscosity. Glycerin appeared to 
dissolve up to 10° or more of the spray-dried 
product. 

Sulfur.—A slurry of U. S. P. grade precipitated 
sulfur was prepared on a colloid mill. In an attempt 
to break down the existing aggregates, various con- 
centrations of sodium lauryl sulfate were added, in 
addition to 1° 100 c. p. s. methylcellulose. Each 
preparation was spray-dried and the resulting pow- 
der investigated for its ease of dispersion in water 
and also for the completeness of dispersion by ob- 
servation of the suspension under a microscope. 
Upon redispersion, the preparation would develop a 
certain amount of stable foam when shaken. In an 
attempt to aid in the dispersion, sucrose was added 
to the slurry in place of a portion of the methyl- 
cellulose and of the wetting agent. The following 
formation was arrived at: 85 Gm. of sulfur was sus- 
pended in 200 cc. of a4 100 c. p. s. methylcellulose 
solution in the colloid mill. One hundred cubic 
centimeters of a 1°) solution of sodium lauryl! sul- 
fate solution and 22 cc. of an 85°% sucrose solution 
were added. The mixture was run on the colloid 
mill for thirty minutes and then was diluted to two 
liters. This slurry was then spray-dried at an inlet 
temperature of 350° F. The resulting material dis- 
persed in water by simple shaking. Microscopic 
examination of the dispersion showed it to be nearly 
monodispersed. The dried material contained the 
following proportions of materials. 


g 


Sulfur. . 


1.6 % 
Methylcellulose 7.6 % 
Sucrose 9.6 % 
Sodium laury! sulfate 0.96% 


Sedimentation Characteristics.—Two grams of 
untreated precipitated sulfur was placed in a 50-cc. 
aqueous solution containing similiar ratios of ad- 
ditional ingredients as would be present in 2.35 Gm. 
of the spray-dried sulfur. A quantity (2.35 Gm.) of 
the spray-dried sulfur was also placed in 50 cc. of 
water. These preparations were entirely different in 
appearance and rates of sedimentation. Upon 
shaking, the untreated sulfur supensions would com- 
pletely settle in approximately three minutes. The 


spray-dried sulfur suspension would not settle com- 
pletely in a period of two days, and a certain portion 
of the sulfur particles were fine enough to appar- 
ently remain suspended for a longer period. After 
two months these suspensions were again examined. 
The untreated sulfur suspension had formed into a 
large aggregated mass which was nearly impossible 
to disperse with any amount of shaking. The spray- 
dried suspension immediately dispersed upon shak- 
ing. From all appearances it was no different than 
when first prepared. Figure 1 is a photomicrograph? 


Fig. 1.—Photomicrograph of spray-dried precipi- 
tated sulfur dispersed in water (xX 600). 


of the spray-dried material after redispersion in 
water. Figure 2 isa photomicrograph of a dispersion 
of untreated precipitated sulfur rubbed in a glycerin- 
water mixture, showing the high degree of aggrega- 
tion present in the original material. 

Fungicidal tests were carried out by the slide dilu- 
tion (11) technique with the results shown in the 
following table. 


W. ALR F. Germin 
Number Sample Organism Dilution ation, % 
808099 Untreated A. solani 1:1,000 84 
sulfur 

808101 Doaks A. solani 1:10,000 50 
sulfur 

808100 Treated A. solani 1:10,000 35 
sulfur 


Mercuric Sulfide.—An equivalent formulation to 
that used for precipitated sulfur was satisfactory. 
When shaken with water, it immediately dispersed 
to give a suspension which was brick red in color. 
Complete sedimentation of the materal was a matter 
of hours in comparison to a minute or less for the 


? All photomicrographs presented in this paper were taken 

by H. Montague of the Wisconsin General Hospital. A 

flashbulb technique was used in order to prevent any streak- 

ing $f due to Brownian movement of the fine 
agnification 600 x.) 
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Fig. 2.—Photomicrograph of untreated precipitated 
sulfur dispersed in a glycerin-water mixture (x 600) 


untreated material. Microscopic examination 
showed a minimum of aggregates. 

A two-liter suspension was prepared on the 
colloid mill which contained the following ma- 
terials: 


Mercuric sulfide 


Methylecellulose, 1500 c. p. s... 
Sodium lauryl! sulfate 
Myristy! alcohol 


The myristy! alcohol was dissolved in carbon tetra- 
chloride and added to the mixture in the colloid 
mill; thereby an emulsion was formed. Spray-dry- 
ing of the slurry resulted in a powder very similar 
to the above powder with the exception that it did 
not appear to foam to the same extent and settled 
somewhat slower. 

Figure 3 is a photomicrograph of a dispersion of 
the spray-dried mercuric sulfide (without myristy] 
alcohol). Figure 4 is a photomicrograph of the 
original sulfide rubbed in a glycerin-water mixture. 

Sulfanilamide.—A saturated solution of sulfanil- 
amide was prepared and spray-dried. During the run 
it was noticed that a pink discoloration developed in 
the sample. The temperature was reduced to 250° 
F. and the feed rate was reduced to a minimum. 
The cold air ducts were opened. Several runs under 
this condition failed to produce colorless powder. 

A test for ferric ions with potassium thiocyanate 
was carried out and was negative. Individual and 
mixed melting points were taken and resulted in a 
value of 164-165° C., the recorded literature value. 

Microcrystalline Sulfadiazine.—An aqueous mi- 
crocrystalline sulfadiazine suspension containing 2% 
gelatin and 15% alcohol in addition to approximately 
14% sulfadiazine was examined under a microscope 
and found to possess a high degree of aggregation of 


Fig. 3.—Photomicrograph of spray-dried mercuric 
sulfide dispersed in water (X 600). 


Fig. 4.—Photomicrograph of untreated mercuric 
sulfide dispersed in a_ glycerin-water mixture 
(X 600). 


the primary particles. The suspension was diluted 
four to one with water and spray-dried. The spray- 
dried product was examined microscopically and 
found to be no more aggregated than the original 
material. Five hundred cubic centimeters of the 
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suspension was run through a colloid mill, and it was 
found necessary to add 50 cc. of a 1% solution of 
sodium lauryl sulfate (0.5 Gm.) to disperse the 
aggregates. The suspension was then diluted to two 
liters and spray-dried. The spray-dried product 
could be redispersed into primary particles, which 
sedimented much slower than the original suspen- 
sion. Figures 5 and 6 represent photomicrographs of 
the material after being spray-dried and in the 
original aggregated state, respectively 

Colloidal Sulfur..Colloidal sulfur can be pre- 
pared by various methods. After due study of the 
methods available in standard colloid texts, the 
thiosulfuric acid method (Oden’s or Raffo'’s solu- 
tion) was decided upon. The over-all reaction can be 
represented as follows: 


38,0," + 2H*-— 4S + 2S0,- + H,O 


. 


Fig. 5.—-Photomicrograph of spray-dried micro- 
crystalline sulfadiazine dispersed in water (X 600) 


Photographic grade of sodium thiosulfate was 
used Acidification was accomplished by using 
hydrochloric acid method. The reaction was at- 
tempted several times and the following observa- 
tions were made: 


1. The degree of colloidality could be observed 
from the color of the suspension. The color was 
chalk white when the finest particles were obtained. 

2. The course of the decomposition varies with 
the hydrogen ion concentration insofar as the rate 
of reaction and the size of the ultimate sulfur par- 
ticles is concerned 

3. The aqueous reaction in the absence of any 
additional substance produced a yellowish prepara- 
tion. Microscopic examination showed it to con- 
tain particles of varying sizes and some quite large 
particles 


4. By the addition of some methylcellulose, the 
diffusion of the ions could be reduce sufficiently to 
allow for a high degree of nucleation. The result was 
a preparation containing very uniform and fine 
particles. 

5. There was a limiting concentration of methyl- 
cellulose that could be used. This was due to the 
salting-out effect of the thiosulfuric ions and not to 
the pH of the medium. 

Preparation.—A colloidal solution of sulfur in 
methylcellulose could be coagulated by heating. 
This coagulum could be collected on a filter, washed 
with hot water, thereby removing the impurities of 
the reaction. The coagulum would then redisperse 
in cold water and would once again reproduce the 
original monodispersed sulfur suspension.? Two 
problems had to be met in the course of the applica- 
tion of this method of purification. The concentra- 


Fig. 6.-Photomicrograph of microcrystalline sulfa- 
diazine from original aqueous suspension (X 600) 


tion of methylcellulose that could be used in the sus- 
pension was dependent on the concentration of the 
thiosulfuric ions present. High concentration caused 
coagulation. The other problem was one of filtra- 
tion of the coagulum, due to its gelatinous character. 
In an attempt to lower the ultimate concentration of 
methylcellulose in the spray-dried product, the effect 
of different methods of mixing, of temperature of the 
solutions, and of the rate of mixing were studied. 
These studies indicated that the problem could not 
be solved by these means alone. A partial solution 
was arrived at by using two dispersion stabilizers, 
methylcellulose and another stabilizer which was 
soluble in hot water and thereby removable after the 


+ This method of purifying colloidal suspensions was as- 
signed in U. S. patent 1,444,257 (February, 1923), to L 
Lillienfeld, Poland 
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reaction took place. Starch, chondrus, and traga- 
canth were studied, and the latter was chosen as 
being the most effective. 

Five hundred grams of sodium thiosulfate was dis- 
solved in 500 cc. of 1.5°% solution of tragacanth. 
One hundred and thirty-five cubic centimeters of 
concentrated hydrochloric acid was diluted to 400 cc. 
These two solutions were mixed rapidly and allowed 
to stand overnight. The above suspension was added 
to 300 cc. of a 2% 4000 c. p. s. methylcellulose solu- 
tion in small increments in a mortar. The suspen- 
sion was then heated to 60° C. to bring about the 
coagulation of the sulfur in the methylcellulose solu- 
tion. The coagulum was filtered through a cheese 
cloth and the liquid which separated was filtered 
through a Biichner funnel. Four liters of boiling 
water was required to wash the coagulum free of 
chloride ions. The coagulum was dispersed in ice 


Fig. 7.—-Photomicrograph of spray-dried colloidal 
sulfur dispersed in water ( 600). 


water by triturating in a mortar and then was 
diluted to about four liters. This slurry was then 
spray-dried at an inlet temperature of 350° C. anda 
wall temperature of 68° C. Thirty-five grams of 
spray-dried product was collected. The reaction 
procedure wa: repeated four separate times and the 
total yield was 160 Gm. 

Suspension Characteristics. A dispersion of the 
spray-dried product was centrifuged for two hours at 
2000 r. p. m. in a small laboratory centrifuge, and no 
visible separation was accomplished. The redis- 
persed product remained in complete suspension for 
several weeks. The spray-dried product gradually 
developed an odor of hydrogen sulfide after being 
stored in a glass jar for several weeks. 

The colloidal sulfur was assayed for its sulfur con- 
tent by the U. S. P. XIII assay for precipitated sul- 
fur. The average result was 63.2% sulfur. 
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Purification Procedure.—In order to remove the 
methylcellulose which was present, 50 Gm. of the 
spray-dried colloidal sulfur was dispersed in water 
and diluted to a gallon. This solution was run 
through a Sharples supercentrifuge at a rate of about 
50 ce. per minute and approximately 50,000 r. p. m. 
It was not possible at these operating conditions to 
completely separate all of the suspended sulfur par- 
ticles; and the separated liquid when viewed under 
a microscope, still contained visible sulfur particles. 
The colloidal sulfur was collected from the centrifuge 
in a paste form. It was placed in a small ointment 
jar and sealed. A portion of the paste was desic- 
cated for two weeks over magnesium perchlorate. 


Surface Area Studies. —The surface area was then 
determined on the dried purified colloidal sulfur by 
the low temperature nitrogen adsorption method 


Fig. 8. -Photomicrograph of a commercial colloidal 
sulfur (Doak, Inc.) dispersed in water (X 600). 


(7,8). The results reported previously and recalcu- 
lated here in m.*/cc. were: 
Precipitated sulfur 0.54 m.?/ce. 
Spray-dried sulfur..........3.58 m.*/cce. 


Figure 7 is a photomicrograph of the spray-dried 
sulfur when redispersed in water. Figure 8 is a 
similar view of a commercially available colloidal 
sulfur. 


DISCUSSION 


From the experimental procedures reported, it 
may be seen that application of much of this ma- 


terial is still on an empirical basis. Much pre- 
liminary investigation on each substance under study 
is necessary before adequate procedures are de- 
veloped. The results, however, indicate that the 
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spray-drying technique produces a_ free-flowing, 
monodispersible, easily wetted powder. It forms a 
relatively homogeneous material and assures that 
minute amounts of additives may be uniformly dis- 
tributed in a dried preparation. 

Many of the materials which are of interest to the 
pharmacist in the preparation of suspensions consist 
of fairly small primary particles (7, 8). However, in 
most commercially available products groups of 
these particles are aggregated together as can be 
seen in the various photomicrographs presented. 
An aggregate acts as if it were a single particle of the 
same mass, and its rate of sedimentation is greatly 
increased over that of the primary particles. The 
stability of lotions, mixtures, magmas, ointments, 
and similar preparations is, therefore, directly re- 
lated to this problem of proper dispersion. The 
readily available tools of the pharmacist, i.e., the 
mortar and pestle, the spatula, and the muller, are 
often not very effective in bringing about disaggre- 
gation even with the use of dispersing agents (9). 
The spray-drying technique is a feasible means of 
overcoming this aggregation effect. Although the 
method was applied to the finished product, the re- 
sults attained in preparing monodispersible forms of 
such substances as sulfur and mercuric sufilde are 
encouraging. It is possible that proper application of 
the method during the processing of the original 
material could result in a product with a minimum 
amount of aggregation. Such a product would be 
more easily dispersed and more evenly suspended. 

The wetting and dispersing characteristics can be 
further improved by the addition of a surface-active 
substance to the solution or slurry to be spray-dried 
In this manner, the resulting powder can be coated 
with an extremely small, but significantly effective 
dispersing agent. By the previous addition of the 
proper amount of a dispersion stabilizer, such as 
methylcellulose, to the solution being processed, one 
could expect the redispersed powder to settle more 
slowly than the original material. Such a powder 
would have obvious advantages in pharmacy in 
empirical formulations, 

That therapeutic response is closely related to sur- 
face characteristics of the material has been shown 
in the past by numerous workers. Reference to some 
of this evidence has been made in the first of this 
series of papers (7). May and Kolthoff (10) con- 
ducted careful experiments on the solubility of lead 
chromate as a function of the particle size. The 
measurements were performed in such a manner as 
to eliminate factors that have been pointed out as 
invalidating the work of previous investigators. A 
difference in solubility was found between a fresh, 
finely divided preparation and that of an aged one 
consisting of larger particles. It was concluded that 
the greater solubility product of the fresh lead 
chromate prepared in the absence of acid was to be 
attributed to its very small particle size. For the 
same reason physiologically active substances with a 
high degree of subdivision may be desirable, since 
the degree of therapeutic activity of medicinals is 
often influenced by the solubility of the substance 

The rate of solution may also influence the effec- 
tiveness of the drug. Solution can be facilitated only 


as rapidly as the solvent can come in contact with 
the particle surface. An aggregate of primary 
particles, whether microcrystalline or not, may pre- 
vent the complete surface from being effective. It 
may well be the exposed surface area rather than the 
over-all surface, which is the controlling factor in the 
rate of solution. 

Spray-drying can yield particles of microcrystal- 
line size as has been shown with the experiments on 
colloidal sulfur, and these powders possess many of 
the properties discussed above. Spray-drying of a 
solution of a slightly soluble substance can yield a 
product of varying particle size. The particle size of 
the product will be dependent upon control of the 
solids content, liquid viscosity, liquid density, feed 
rate or capacity, and atomization characteristics. 
The particles are produced in a spherical form and 
may be either solid or hollow, depending on the 
material, feed conditions and drying conditions. 
The hollow particles possess great increase of surface 
over the solid ones. It is produced when a case- 
hardened outer surface develops on the droplet in 
the initial drying stages, which prevents the liquid 
reaching the surface from the particle interior. Be- 
cause of the very rapid heat transfer in spray-drying, 
the liquid at the center of the particle vaporizes, caus- 
ing the outer shell to expand and form a hollow 
sphere. Sometimes the rate of vapor generation 
within the particle is sufficient to blow a hole through 
the wall of the spherical shell. It can thus be seen 
that the method intrinsically possesses potentiality of 
increasing the surface area of certain powders. 


SUMMAKY 


An investigation upon the effect of spray-dry- 
ing techniques on the modification of the physical 
and pharmacological properties of powdered sub- 
stances is reported. Spray-drying appears to be a 
useful tool in preparing powdered substances in a 
free-flowing, monodispersed form. The dis- 
aggregation of commercially available powders, 
and the preparation and spray-drying of colloidal 
or microcrystalline materials was studied. 
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Glutarimides I. 


3-Alkyl-3-methylglutarimides*t 


By WILLIAM S. BENICAT and CHARLES O. WILSON$ 


A procedure for the synthesis of 3,3-dialkyl- 
glutarimides is described and three alkyl- 
methylglutarimides are reported. No phys- 
iological activity of significance can be at- 
tributed to any one of the three compounds. 


T# majority of synthetic organic compounds 

used as sedative and hypnotic agents possess 
two structural similarities: a tertiary or quater- 
nary carbon atom, and a —CO—NH— group. 
Bromisovalum N. N. R., Carbromal N. F., Di- 
phenylhydantoin Sodium U. S. P., Trimetha- 
dione, N. N. R., and the many barbituric acid 
derivatives fit into the above classifications. 
Many known structures which could be classified 
with the above, however, have not been tested 
for physiological activity. One such group is the 
3,3-disubstituted-glutarimides which would pos- 
sess, in addition to a quarternary carbon atom, 
the linkage —CO—NH—CO. Accordingly, a 
series of substituted glutarimides of the following 
structure was prepared in order to test their 
physiological activity: 

CH,—C 

Cc NH 
ZN 
R’ CH; 


CH, 


R’ = methyl, ethyl, or n-propyl 


Guareschi imides—which are, chemically, 3,3- 
disubstituted-2,4-dicyano-glutarimides, obtained 
by the reaction of a ketone and ethyl cyanoace- 
tate with alcoholic ammonia (1)—were used as 
starting materials. It is possible to obtain a 
3,3-disubstituted-glutarimide by a two-step hy- 
drolysis of these compounds, but the yields are 
low (15 per cent). 

Some 3,3-disubstituted glutarimides have been 
reported by Paden and Adkins (2). These were 
prepared by high pressure hydrogenation of glu- 
taric acid esters in the presence of ammonia and 
primary amines. No physiological tests were re- 
ported, 


* Received March 24, 1950, from the College of Pharmacy, 
University of Texas, Austin. 
+t Abstracted from a thesis presented to the Graduate 
Faculty of the University of Minnesota by William S. Benica 
in partial fulfillment for the degree of Doctor of Philosophy. 
t Parke, Davis & Co. Fellow, University of Minnesota, 
Present address: Medical College of Virginia, 


Acid hydrolysis of Guareschi's imides leads to a 
number of intermediate products (see Fig. 1) 
before the final product, 3,3-dimethylglutaric 
acid (IV), is obtained. 

Hydrolysis of (V) (see Fig. 1) with hot po- 
tassium hydroxide solution yields the tetrabasic 
acid: 

HOOC COOH 
CH 
HOOC 


CH; 
—CH 


ch, COOH 


EXPERIMENTAL' 


Alcoholic Ammonia.—Alcoholic ammonia was 
prepared in gallon lots by saturating slightly less 
than three-quarters of a gallon of commercial abso- 
lute alcohol with ammonia at 10°. 

Methyl n-Propyl Ketone.—This ketone was ob- 
tained from methyl n-propyl carbinol by the method 
of Yohe, Louder, and Smith (3). 

2,4-Dicyano-3,3-dimethylglutarimide.— This com- 
pound was prepared according to the method of 
Guareschi and Grande (1) from acetone (29 Gm.), 
ethyl cyanoacetate (125 Gm.), and alcoholic am- 
monia (225 cc.). The crude product was placed ina 
Waring blendor with ether (250 cc.). A fine crys- 
talline compound was collected on a Biichner filter 
and washed with ether (50 cc.). Consistent yields 
of 65% were obtained. 

When recrystallized from hot water it melted at 
214-215°, but had been reported at 216-217° (1). 

2,4- Dicyano - 3 - methyl - 3 - ethylglutarimide.— 
Methylethyl ketone (72 Gm.) was used with ethyl- 
cyanoacetate (226 gr.) and alcoholic ammonia (450 
cc.) in the same procedure employed for preparing 
2,4-dicyano-3,3-dimethylglutarimide. The yield 
was 56% and the product recrystallized from hot 
water melted at 191-192°. It had been reported 
in the literature as 193° (4). 

2,4-Dicyano-3 - methyl-3- - propylglutarimide. — 
Methyl-n-propyl ketone (129 Gm.) was used in a 
reaction mixture similar to that employed for the 
two preceding 2,4-dicyano compounds. The yield 
was 70% and the crude product recrystallized from 
alcohol (75%) melted at 204-205°. Previous 
workers had reported a melting point of 201-202° (5). 

3,3-Dimethyiglutaric Acid.—2,4-Dicyano-3,3-di- 
methylglutarimide (60 Gm.) and 50% sulfuric acid 
(500 cc.) were refluxed in a two-liter, double-necked 
flask equipped with an efficient, mercury-sealed 
stirrer, and a condenser. The clear solution soon 
became filled with crystals of 2,4-dicarbamyl-3,3- 
dimethyl-glutarimide, which caused excessive foam- 
ing and necessitated the use of a flask of at least 
the size specified to prevent loss of material through 
the condenser. Refluxing was continued until a 


' All melting and boiling points are uncorrected. 
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CN 


CH, 
\ A 
Cc 
Oo 
|| CN 
C—NH; 
CH—CO 
NH 
CH—CO 
C—NH, 
oO 
CH,- co 


NH* 
CH:—CO 


CO 


NH CH,;—C—R 


Fig. 1.—Hydrolysis of Guareschi’s imide. 


NH 


Cc 
CN 


CH, CN—CO 


cH—COo 


NH (III) 
R CH—CO 
CH, CH,—COOH 
1 


5 
R CH,—CooH 


—CH————CO 


NH (V) 


CH; CH;—C 

2 1 
*NH 


0 


There is possible confusion by naming and numbering the 


compounds as derivatives of glutaric acid glutaric anhydride, and glutarimide instead of naming and num- 


bering them as derivatives of 2,6-pyrandione or 2,6-piperidione. 


however, been well established by common usage. 


A, cold conc. sulfuric acid 


drochloric acid. E, acetic anhydride at 175°. 


clear solution resulted (about five hours), and then 
for an additional half hour. After the solution 
had cooled, the crystals which formed were collected 
on a sintered glass funnel with the aid of suction 
The crystals were pressed as dry as possible and 
then recrystallized from hot water, using a small 
amount of charcoal to decolorize. The yield was 
36.7 Gm. (73%) and had a melting point of 100-101 °. 
In the literature the compound was reported as 
melting at 103-—104° (6) 


3-Methyl-3-ethylglutaric Acid. -2,4-Dicyano-3- 
methyl-3-ethylglutarimide (92 Gm.) was dissolved 
in sulfuric acid (220 cc.) and allowed to stand un- 
covered for twelve hours. Water (205 cc.) was 
then added with stirring and the solution placed in a 
two-liter, double-necked flask equipped 
reflux condenser and an efficient 


with a 
mercury-sealed 


B, hot 50% sulfuric acid. 
F, urea at 200°. 


The numbering system used above has, 


C, hot 10% hydrochloric acid. D, hot 25% hy- 


stirrer. Careful refluxing was carried on for eight to 
ten hours observing the precautions previously men- 
tioned. The clear solution obtained was poured into 
a beaker while still hot and allowed to crystallize 
in the refrigerator for twenty-four hours. Collec- 
tion and purification of the acid was the same as 
before. A yield of 64.4 Gm. (77%) of a crystalline 
compound was obtained having a melting point of 
75-76°. 


3-Methyl-3-n-propyiglutaric Acid. 2,4-Dicyano- 
3-methyl-3-n-propylglutarimide (219 Gm.) was 
hydrolyzed with sulfuric acid (480 cc.) and water 
(450 cc.) by the procedure used for 3-methyl-3 
ethylglutaric acid. After refluxing, the solution was 
cooled, diluted with two liters of water, saturated 
with sodium chloride, and extracted with 


ether 
(700 ce.) in three portions. 


The ethereal solution 
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ScrENTIFIC EDITION 


was dried with anhydrous sodium sulfate and evap- 
orated to leave the crude acid. A yield of 145 Gm. 
(77%) was obtained. This product contained about 
11% of 3-methyl-3--propyl glutarimide as an im- 
purity. 

By using a hydrolysis mixture containing sulfuric 
acid, acetic acid, and water in a volume ratio of 
10:7:3, a purer product was obtained. Crude acid 
could be crystallized with difficulty from benzene 
or alcohol (50%). It melted at 90-91°, but has 
been previously reported at 92° (6). 


3,3-Dimethylglutaric Anhydride.—3,3-Dimethyl- 
glutaric acid (41.5 Gm.) and acetic anhydride (166 
Gm.) were placed in a double-necked flask (250 cc.) 
equipped with a thermometer dipping into the mix- 
ture and a condenser set for downward distillation. 
The mixture was heated and the acetic acid and 
acetic anhydride distilled over until the tempera- 
ture reached 180°. Residue was poured into a 
beaker and stirred until cool to prevent caking. 
The dark mass was dissolved in boiling toluene (200 
cc.) containing about 3 Gm. of decolorizing char- 
coal, and the solution was filtered. Petroleum 
benzin (400 cc.) (b. p. 30-60°) was added to the 
cooled filtrate and the precipitated crystalline an- 
hydride was collected, washed with petroleum ben- 
zin, and dried. The was 30 Gm. (84%), the 
melting point 122-12: This latter had been re- 
ported as 124—125° (7). 
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pressure. There was obtained a yield of 86.6 Gm. 
(76.5%) of impure liquid over a boiling range of 
143-148°/7 mm. 

Cooling aided crystallization of 3-methyl-3-n-pro- 
pylglutarimide, which was removed by filtration, 
and the filtrate was distilled twice under reduced 
pressure. Final distillation gave a yield of 72% 
boiling at 148°/8 mm. 


3,3-Dimethylglutarimide.—3,3-Dimethyl glutaric 
anhydride (14.2 Gm.) was mixed with urea (12 Gm.) 
in a large test tube, immersed in a silicone bath and 
heated at 200° until a precipitate just began to form. 
The reaction mixture was dissolved in hot water, 
decolorized with charcoal, filtered, and, on cooling, 
the imide crystallized. The crystals were collected 
and dissolved in warm alcohol (120 cc.). A small 
amount of white insoluble impurity was removed 
by filtration and water (400 cc.) was added to the 
filtrate. To promote crystallization the volume of 
the solution was reduced to 120 cc. by evaporation. 
A yield of 11 Gm. (78%) was obtained. On re- 
crystallization from boiling water the compound 
melted at 146 to 146.5°. 


3-Methyl-3-ethylglutarimide. —3-Methyl-3-ethyl- 
glutaric anhydride (15.6 Gm.) and urea (12 Gm.) 
were placed in a large test tube and heated as pre- 
viously described at 200°. Hot water was used to 
recrystallize the crude crystalline product. The 


_ TABLE 1.- ANALYTICAL Data on COMPOUNDS STUDIED 


Compound Formula 
R(CH,)C(CHCNCO),.NH 
R=CH, 
CH; 
n-CyH; 
R(CH,)C(CH.COOH de 
R=CH; 
> CH; 
n- C; H; 
CI 


56 
58 
60 


CysHyO2N; 


CsH yO, 
CoH 


55 


Os 
CsH 
CyHO; 


CsH,O.N 


63 


NH 
CH; 
R C.Hs 


R=n-C;H; 


3-Methyl-3-ethylglutaric Anhydride.—3-Methyl- 
3-ethylglutaric acid (100 Gm.) was mixed with 
acetic anhydride (400 Gm.) and distilled in the 
same setup as that used for 3,3-dimethylglutaric 
anhydride until the temperature of the residue 
reached 175°. The hot reaction mixture was 
poured into a round-bottomed flask (150 cc.) and 
distilled under reduced pressure. A liquid product 
(78 Gm.) was obtained in 87.5% yield, having a 
boiling point of 133°/20 mm. _ It had been reported 
as 185°/20 mm. 


3 - Methyl - 3 - » - propylglutaric Anhydride.--The 
crude 3-methyl-3-n-propylglutaric acid (125 Gm.) 
and acetic anhydride (500 Gm.) were mixed and dis- 
tilled as before until the temperature of the residue 
reached 170°. The residue was poured into a round- 
bottomed flask (200 cc.) and distilled under reduced 


Cakd. 

50 
50 
20 


52.5 


Carbon, %—- - 


- —— — 
Found F 


Caled. ound 


56.25 
58.54 
59.94 


52.79 
55.29 
Not determined 
59.27 
60 
63.6: 


59.6) 


yield was 12.2 Gm. (79%) and the crystals had a 
melting point of 122-123°. On sublimation at 100°/ 
2 mm. the melting point was 123.5-124°. 


3-Methyl-3-n-propylglutarimide. —3-Methyl-3- n- 
propylglutaric anhydride (11.3 Gm.) and urea (8 
Gm.) were mixed and heated at 200° according to 
the procedure used for 3,3-dimethylglutarimide. 
The hot melt was poured into boiling alcohol (100 
ec.) and filtered. Water (200 cc.) and a little de- 
colorizing charcoal were then added to the filtrate 
which was heated to boiling and filtered. On cool- 
ing, the crystalline imide separated in a yield of 
6.2 Gm. (55%) which melted at 115-116°. The 
crystals on sublimation at 100°/3 mm. had a melt- 
ing point of 117-118°. 

Table I presents the analytical data on the com- 
pounds reported. 


|| 
4.71 4.89 
5.32 5.33 
5.93 5.99 
B50 7.75 
mio 04 7.89 
5 
59.10 05 7.02 ; 
R—s-C3H; 50 24 8.18 
0 61.91 8.39 8.51 
) 64.10 8.88 8.89 
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The three glutarimide compounds were tested for 
physiological activity by Parke, Davis and Com- 
pany, Detroit, Mich. No significant pharmacolog- 
ical response was observed. Both chemical and 
pharmacological research is being continued on these 
structures. 


SUMMARY 


1. A procedure for the synthesis of 3,3-dialkyl- 
glutarimides has been presented. 

2. Three alkylmethylglutarimides have been 
reported. 


Procedures for the preparation of several 3,3- 
dialkyl-N-alkylglutarimides from the readil 
obtainable Guareschi imides are described. 
The compounds prepared resemble some 
others that have been used as sedatives and 
antispasmodics. When tested pharmaco- 
logically, however, the new compounds, with 
one exception, were found to be convulsant 
at high dosage. 


Is A PREVIOUS paper (1) the preparation of 
3-methyl-3-alkylglutarimides (I) was reported. 


CH, CH, 
N—R’ 
x ca-c R CHC 
\ 
0 
(I) (II) 
R = methyl, ethyl R’ = methyl, ethyl, 
or propyl or butyl 


In some nitrogen-containing heterocycles sub- 
stitution on the nitrogen of an alkyl group has 
resulted in therapeutically useful compounds, 
e.g., Trimethadione N. N. R. and Hexobarbital 
Soluble N.N.R. It was, therefore, deemed ad- 
visable to prepare a series of 3-methyl-3-alkyl-N- 
alkylglutarimides (11). 
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Glutarimides II. 
3-Methyl-3-alkyl-N-alkylglutarimides*t 


By WILLIAM S. BENICA} and CHARLES O. WILSON$ 


3. No physiological activity has been noted. 
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EXPERIMENTAL' 


3,3-Dimethylglutarimide.— 3,3 - Dimethylglutaric 
anhydride (1) (14.2 Gm.) was placed in a 20 x 2.5- 
cm, test tube which was then immersed in a liquid 
silicone bath and heated to 200°. This tempera- 
ture was maintained within 10° while ammonia 
from a tank of commercial anhydrous ammonia was 
passed into the molten anhydride. The ammonia 
may be passed in at a fairly rapid rate in the begin- 
ning, but when the reaction starts, as evidenced by 
the production of steam and an increased agitation 
of the melt, the ammonia is regulated to produce a 
continuous stream of bubbles with only moderate 
agitation. The reaction was allowed to proceed for 
ninety minutes, after which the dark melt was 
poured into water (60 cc.) and the reaction container 
was washed out with additional boiling water (10 
ec.). After the mixture was heated to boiling, a 
small amount of decolorizing charcoal was added, 
and the solution was filtered and allowed to crystal- 
lize. The mother liquor was evaporated to half its 
volume and allowed to crystallize again. Total 
yield 11.4 Gm. (81%). Crystals melted at 146 to 
146.5°. Allowing the ammonia to pass for a shorter 
time, e.g., one hour, gave a yield of only 69%. In- 
creasing the time over ninety minutes does not im- 
prove the yield. 

See Table I for data on 3-methyl]-3-ethylglutari- 
mide and 3-methyl-3--propylglutarimide which 
were prepared by a similar method. 

3,3 - Dimethyl - N - methyiglutarimide.—3,3 - Di- 
methylglutaric anhydride (18 Gm.) was placed in a 
20 x 2.5-cm. test tube and placed in a bath main- 
tained at 200°. Methylamine, generated by heating 
200 cc. of a 25% aqueous solution, was dried by 
passing through a 50-cm. Hempel column filled 
with granular Drierite and then led into the molten 


1 Melting points and boiling points given are uncorrected. 
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ScrenTIFIC EpITION 


TABLE I.—CoMPOUND PREPARATION DATA 


Carbon, % Hydrogen, % 

R N-R’ Vield, % B. p. Caled. Found Caled. Found 
CH; H 81.0 146-146. 59.60 59.73 7.81 7.92 
CH; CH; 83.4 51-55 °* 61.90 61.7 8.39 8.26 
CH; C:Hs 73.3 101°/6 mm. 63.90 63.84 8.88 9.00 
CH; n-CyHy 69.2 120°/7 mm. 7.10 66.93 9.66 9.71 
C.Hs H 82.4 123 .5-124°* 61.90 61.91 8.39 8.51 
C,H; CH; 64.0 115°/7 mm. 63.90 63.76 8.88 8.93 
CH, C:Hs 70.0 111°/6mm. 65.50 65.35 9.29 9.16 
C.Hs n-C.Hy 64.5 133°/8 mm. 68.20 67 .96 9.95 9.90 
55.0 117-118° 63.90 64.10 8.88 8.89 
n-C,H; CH; 73.5 131°/8 mm. 65.50 64.49 9.29 9.29 
n-C;Hy CH, 66.5 133°/8 mm. 67.10 7.15 9.66 9.67 
n-CsH; n-CyHy 73.0 150°/8 mm. 69.30 69.25 10.22 10.15 


Meltin int. 
Rep lide (2) 


anhydride for an hour. At the end of this time the 
hot melt was poured into a beaker and allowed to 
cool. The cake which formed was broken up and 
extracted with boiling petroleum benzin (b. p. 30—- 
60°) until no more went into solution. The extract 
was evaporated to 200 cc., a small amount of decolor- 
izing charcoal was added, and it was filtered and al- 
lowed to crystallize in a refrigerator. A yield of 
15.1 Gm. (83.4%) was obtained and the product 
melted at 51-52°. 

3,3-Dimethyl- N - ethylglutarimide. —3,3- Dimeth- 
yiglutaric anhydride (14.2 Gm.) was placed in 
the reaction apparatus described for preparing 3,3- 
dimethyl-N-methylglutarimide. Ethylamine (250 
ce. of a 33% aqueous solution) was placed in the 
flask and heated as in the previous experiment. 
The reaction was allowed to proceed for one hour and 
then the mixture was distilled at reduced pressure. 
A liquid imide was obtained in a yield of 12.4 Gm. 
(73.3%) with a boiling point of 101°/6 mm. 

3,3 - Dimethyl- N-butylglutarimide. —3,3-Dimeth- 
yiglutaric anhydride (11.2 Gm.) was heated to 
200° as before and x-butylamine (150 cc.) was 
heated and its vapors passed directly into the 
molten anhydride for forty-five minutes. On dis- 
tillation at reduced pressure of the reaction mix- 
ture a yield of 10 Gm. (69.2%) was obtained at 


The preparation of the other 3-methyl-3-alkyl- 
N-alkylglutarimides was carried out by similar pro- 
cedures. Pertinent data for these compounds are 
given in Table I. 

The compounds listed in Table I were tested for 
physiological activity at Parke, Davis and Company, 
Detroit, Mich., and all were found to be convulsive 
at high dosage with the exception of 3-methyl-3-n- 
propyl-N-methylglutarimide which showed depres- 
sion at a dose of 500 mg./Kg. Both chemical and 
pharmacological research is being continued on these 
structures. 


SUMMARY 


1. Twelve substituted glutarimides were pre- 
pared, ten of which are new compounds. 

2. The method of synthesis of these com- 
pounds was rapid and required no special ap- 
paratus. 

3. The compounds prepared were tested for 
physiological activity and while most caused con- 
vulsions at high dosage, one, 3-methyl-3-n- 
propyl-N-methylglutarimide, showed depression 


120°/7 mm at a dosage of 500 mg./Kg. 
3-Methyl- 3 - ethyl - N - methylglutarimide.— This 
was prepared from 3-methyl-3-ethylglutaric anhy- REFERENCES 


dride (15.6 Gm.) by the method used for 3,3- 
dimethyl-N-methylglutarimide. A liquid product in 
a yield of 10.5 Gm. (64%) and a boiling point of 
115°/7 mm. was obtained. 


(1) Benica, W. S., and Wilson, C. O., Tms Jourwnat, 39, 
451(1950). 
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Bacterial Pyrogens. I. 


from a Pseudomonas Species*t 


li: 


Pyrogenic Preparation 


By N. M. NESSET, JAMES McLALLEN, PAUL Z. ANTHONY, and 
LEONARD G. GINGER} 


The popenins of a relatively nontoxic bac- 
teria rogen from a Pseudomonas species is 
deena. This has been achieved by en- 
zymatic degradation of the cellular substance 
followed by the removal of all dialyzable ma- 
terial. Several investigators have used this 
pyrogen for a study of the physiology of fever. 


T# febrile course of infectious sickness was 

first attributed by Centanni (1) to the release 
of endogenous substances into the blood stream 
following bacterial lysis. He called the endog- 
enous substances responsible for the hyper- 
thermic response ‘‘pyrotoxins."’ These agents are 
now known as pyrogens. 

A number of investigators have attempted the 
isolation and characterization of the active pyro- 
genic factor. Most of the early work in this field 
has been reviewed by Co Tui (2). It is only 
within the last decade, thorgh, that investiga- 
tions by Morgan (3), Co Tui and co-workers (4), 
Robinson and Flusser (5), Hartwell, Shear and 
Adams (6), Rodney and Welcke (7), and Mc- 
Ginty, Wilson, and Rodney (8) have revealed 
anything of the chemical composition of pyro- 
gens. The evidence suggests that pyrogens are 
polysaccharides. Consequently, removal of the 
other cellular constituents, such as proteins, 
lipids, and nucleic acids, has been the goal of re- 
cent fractionation efforts. The isolation methods 
which have been used are not numerous. To ob- 
tain the pyrogenic factor free at least from protein 
contamination, three principal procedures have 
been employed, namely, the Sevag deproteiniza- 
tion method (9), extraction of the protein with 
95 per cent phenol (10), and enzymatic destruc- 
tion of the protein with trypsin. 

The pyrogenic preparation described in this 
paper was obtained from a Pseudomonas species 
by the method of tryptic digestion. Numerous 
other fractionation procedures were studied; 
however, none was more satisfactory than the 
tryptic method. Contaminating nucleic acids 


* Received January 7, 1950, from the Research Labora- 
tories, Baxter Laboratories, Inc., Morton Grove, Ill, and 
the Chemical Laboratory, Northwestern University, Evans- 
toa, 

t The present report is part of a cooperative investigation 
of pyrogens. The work at Northwestern University has 
been supported by funds provided by the Baxter Laboratories, 
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were found to be tightly bound to the pyrogenic 
polysaccharide. Nevertheless, attempts have 
been made to determine the chemical constitution 
of the active factor. 


EXPERIMENTAL' 


Cultivation of Organisms.—The Pseudomonas 
species used in this investigation was obtained from 
the American Type Culture Collection (No. 9229). 
The organism was grown by submerged-culture tech- 
nique, using 12-L. Pyrex bottles containing 9 L. of 
Difco nutrient broth. An inoculum of 9 ml. of a 
twenty-four-hour culture was added aseptically. 
Sterile air was introduced at approximately 0.5 L. 
per hour. The cultures were incubated at 37° C. 
from one to ten days. The bacterial cells were col- 
lected by centrifugation, washed once with normal 
saline, and lyophilized. In Fig. 1, the weights of 
dried bacterial cells are plotted against the time of 
incubation in days. It is to be noted that there is an 
arithmetic increase in growth rate with a gradually 
decreasing rate after eight to nine days of incubation. 

A number of media variants were investigated, in- 
cluding the addition of peptone, beef extract, so- 
dium chloride, glycerin, folic acid, riboflavin, 
thiamine, and p-aminobenzoic acid. Improvements 
in growth were slight. 
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Fig. 1.—Cellular growth curve, 


Measurement of Pyrogenicity.—To evaluate 
pyrogenicity, the usual rabbit test was utilized. 
The recommendations of Welch, et al. (11), and 
McCloskey, et al. (12), were employed in housing 
and caring for the rabbits as well as in preparing the 
animals for testing. Aliquots of the material to be 


' The authors wish to acknowledge the technical assistance 
of Mary R. Ginger, Walter Kuhn, Cameron Lyon, Catherine 
Marx, Mary M. Neal, and Lowell F. A. Peterson. 
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pyrogen tested were suspended in nonpyrogenic, 
isotonic saline and autoclaved at 248° F. for twenty 
minutes. The temperatures of the rabbits were 
taken before intravenous injection of the test solu- 
tions into the marginal ear vein and at hourly inter- 
vals thereafter for five hours. The minimum pyro- 
genic dose (M. P. D.), a concept introduced by Co 
Tui, et al. (4), was employed as a semiquantitative 
means of evaluating the pyrogenicity of the dried 
cellular material obtained from one-day to ten-day- 
old cultures. Cells of varying ages uniformly gave a 
M. P. D. of approximately 1.0 y/Kg. It was con- 
cluded that the pyrogen is a constant cellular 
anabolite largely independent of the age of the cul- 
ture and directly related to the total number of 
bacterial cells. 

Consequently, cultures were grown for eight to 
ten days to give a maximum yield of a standardized 
cellular material with a nitrogen content of approxi- 
mately 12% and a M. P. D. of 1.0 y/Kg. 


Fractionation Studies.— Fractionation of the 
cellular material was followed by measurement of 
nitrogen removal as well as by measurement of 
pyrogenicity. Many fractionation procedures were 
investigated. Proteolysis of the cellular material, 
effected by trypsin (Wilson and Co., Inc.) with an 
activity of 75, yielded the most satisfactory product. 

In a typical experiment, a 5-Gm. portion of cellu- 
lar material was suspended in 1 L. of water (0.5% 
suspension) and autoclaved at 248° F. for twenty 
minutes. The suspension was adjusted to pH 8.5 
with 2 N sodium hydroxide, layered with toluene, 
and incubated at 37° C. for five days. A fifty- 
milligram portion of trypsin was added initially and 
another equal portion of trypsin was added after two 
and one-half days to make the enzyme-substrate 
ratio 1:50. The pH was maintained between 8.0 
and 8.5 by additions of sodium hydroxide. The 
digest was centrifugated at 2000 r. p. m. for one hour 
to remove a small amount of debris. The superna- 
tant was transferred to a Visking 23/32 “Nojax” 
casing, layered with toluene, and dialyzed against 
running tap water for twenty-four hours. The 
nondialyzable portion was centrifugated at 2000 
r. p. m. for two hours. The supernatant was con- 
centrated in vacuo and lyophilized to yield a Pseudo- 
monas “‘concentrate."’ The concentrate is obtained 
in 25 to 35% yield. It hasa M. P. D. of 0.3 y/Kg., 
which is approximately a threefold increase in pyro- 
genicity over the starting cellular material. This is 
consistent with the yields realized. 

Poorer results were realized in digesting the cells 
with the following enzyme preparations having pro- 
teolytic activity: pepsin; papain; Polidase-S 
(Schwartz Laboratories, Inc.); pancreatin; a fish 
enzyme (Booth Fisheries); an intestinal preparation 
(Wilson and Co., Inc.); duodenal powder (Armour 
and Co.); ichtozyme (Enzyco, Inc.); and protease 
(Takamine Laboratory, Inc.). 

A miscellany of other techniques was studied with- 
out producing a pyrogenic substance superior to the 
concentrate described above. These techniques in- 
cluded the deproteinization method of Palmer and 
Gerlough (10); the diethylene glycol extraction 
method of Morgan and Partridge (13); the Sevag 
chloroform-gel procedure (9); direct extraction by 
such organic solvents as methanol, acetone,petroleum 
ether, diethyl ether, pyridine and formic acid; the 
use of various precipitants such as ammonium 
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sulfate, mercuric chloride, lead acetate, copper sul- 
fate, picric acid, sulfosalicylic acid, sodium tung- 
state, and tannic acid; and fractional precipitation 
of an aqueous dispersion by the stepwise addition of 
acetone, ethanol, and isopropyl! alcohol. 

It has recently been claimed (14) that extremely 
long digestion with an amylase will destroy pyrogens. 
It is noteworthy that the following enzyme prepara- 
tions having diastatic activity failed to cause any 
detectable decrease in pyrogenicity of the Pseudo- 
monas cells: takadiastase; Clarase (Takamine 
Laboratory, Inc.); maltase; lactase; invertase; 
inulase; hyaluronidase; cellulase; and hemicellu- 
lase. 


COMPOSITION OF 
PSEUDOMONAS CONCENTRATE 


Elemental Analysis.A typical Pseudomonas 
concentrate was found to contain 35.76% C, 6.46% 
H, 6.68% N, 3.29% P, and 14.73% ash. No sulfur 
was present. The ash consisted primarily of calcium 
phosphate. Trace quantities of iron, potassium, 
and other metals were also present. 

Qualitative Characterization Studies.— Negative 
protein tests were observed in the biuret, Millon, 
ninhydrin, and xanthopreteic reactions. A Molisch 
test for polysaccharide was positive. Benedict and 
Barfoed tests for reducing sugar were positive on acid 
hydrolyzed material. No color reaction was ob- 
served with iodine-potassium iodide reagent. The 
Rosenthaler test for methyl pentoses was negative. 
There was no indication of the presence of keto- 
hexoses. The Kiliani test for deoxysugars was posi- 
tive. The Dische reactions (15) for the determina- 
tion of glucuronic and galacturonic acids were both 
negative. Positive tests were obtained for nucleic 
acid and hexosamine. 

Quantitative Determination of Specific Compo- 
nents.—The cellular material was analyzed in detail 
for comparison with the concentrate. The results 
are presented in Table I. 


TABLe I.- QUANTITATIVE COMPOSITION STUDY 


Component 
Desoxyribonucleic acid 
Ribonucleic acid 
Hexosamine (A) 

Protein 
Lipid 
Ash 
Total known components 
Unclassified (B) 
Pyrogenic polysaccharide (A + 
B) 


To determine desoxyribonucleic acid, the Dische 
diphenylamine reaction (16) was adapted to spectro- 
photometric technique, using the Beckman Quartz 
Spectrophotometer. Pure desoxyribose (Bios 
Laboratories) was used to establish a concentration 
curve. Ribonucleic acid was measured by the 
method of Hahn and von Euler (17), using pure 
ribose (Schwartz Laboratories, Inc.) to establish a 
concentration curve. 
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Having established the presence of hexosamine, it 
was quantitatively determined by the method of 
Elson and Morgan (18), again converting to spectro- 
photometric technique. Glucosamine hydrochloride 
(Eastman) was used to establish a concentration 
curve. It was found that acid hydrolysis was neces- 
sary to release the hexosamine present in the 
Pseudomonas concentrate. The rate of hydrolysis 
was studied (Fig. 2). A maximum of 7.0% hexos- 
amine was released after three hours of hydrolysis 
with 1 N hydrochloric acid at 100° C. 


PER CENT HEXOSAMINE 


2 


HOURS 

Fig. 2.—Rate of liberation of hexosamine on hy- 
drolysis of Pseudomonas concentrate with 1 N hy- 
drochloric acid at 100° C. 


The nitrogen attributable to desoxyribonucleic 
acid, ribonucleic acid, and hexosamine was computed 
and summed for both the cellular material and the 
concentrate (Table II). It is apparent that almost 
within experimental error the nitrogen in the con- 
centrate can be assigned to the nucleic acids and 
hexosamine, which is in accord with the negative 
qualitative tests for protein. If it is assumed that 
the residual unclassified nitrogen value for the cells 
represents protein nitrogen, computation gives a 
value of 52.9°% for the protein content of the cells. 
This seems plausible and is in agreement with the 
weight change observed in the proteolysis involved 
in preparing the concentrate from the cells 

Table I contains, in addition to the analyses al- 
ready described, the lipid and ash contents of both 


TABLE II.— DIFFERENTIAL NITROGEN 
CONSIDERATIONS 


Dried Cells, Concentrate, 

Total N (Dumas) 11.35 6.93 
N from hexosamine* 0.22 0.55 
N from desoxyribo- 1.70 4.50 

nucleic acid? 
N from ribonucleic 0.97 1.30 

acid* 

Total classified N 2.89 6.35 


Residual N 8.46 0.58 


~@ Hezosamine contains 7.82% N. 
®* DNA contains 16.76% N. 
* RNA contains 16.16% N. 


the dried cells and the concentrate. It has been 
possible to account for 80% of the cells and 55% of 
the concentrate. It was assumed that the differences 
between the above values and 100% (plus the corre- 
sponding percentages of hexosamine) should repre- 
sent the pyrogenic polysaccharide content. On this 
basis, the cells contain 23% and the concentrate 
contains 52% of the pyrogenic polysaccharide. 

Consequently, it was anticipated that total 
hydrolysis of the concentrate would yield a maximum 
reducing sugar content of approximately 50%. 
It was found (Fig. 3), however, by the Shaffer- 
Hartman method (19) that a total of only 14.2% 
reducing sugar (expressed as glucose) was released 
after three hours of hydrolysis with 1 N hydrochloric 
acid at 100° C. This unexpectedly small amount of 
reducing sugar demanded its quantitative character- 
ization. 


Fig. 3.—Rate of liberation of reducing sugar (as 
glucose) on hydrolysis of Pseudomonas concentrate 
with 1 N hydrochloric acid at 100° C 


Only three of the known components in the con- 
centrate, namely, desoxyribonucleic acid, ribonu- 
cleic acid and hexosamine, would be expected to 
undergo reaction with the Shaffer-Hartman reagent. 
To evaluate their contribution to the total reducing 
sugar, it was necessary to express the reducing action 
of each in terms of glucose. Erroneous values are 
obtained, for example, if one computes the amount 
of ribose in the ribonucleic acid present and multi- 
plies this value by the molecular weight ratio of 
glucose /ribose. It was necessary to determine a 
table of experimental ribose-glucose equivalents as 
well as desoxyribose-glucose equivalents. It was 
found that hexosamine and glucose were equivalent 
as reducing sugars. It is obvious from the summa- 
tion of reducing sugars in Table III that within ex- 


III.—CHARACTERIZATION OF REDUCING 
SuGAR IN Pseudomonas CONCENTRATE 


Reducin 

Sugar,* % 
From desoxyribonucleic acid 4.37 
From ribonucleic acid 2.70 
From hexosamine 7.00 
Total classified 14.07 
Total (Shaffer-Hartman) 14.20 


« All reducing sugar values expressed as glucose. 
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perimental error all of the 14.2% total reducing sugar 
(expressed as glucose) in ry concentrate can be 
attributed to the sugars in the nucleic acids and to 
hexosamine. This quantitative characterization has 
been repeated on many different samples with similar 
results. The inevitable conclusion is that there is no 
significant amount of any reducing sugar present in 
the concentrate besides desoxyribose, ribose, and 
hexosamine 


DISCUSSION 


The Pseudomonas concentrate contains tightly 
bound nucleic acid (Table I). Rodney and Welcke 
(7), in studying pyrogens from Ps. aeruginosa, E. 
typhosa, and B. subtilis, reported that thymus 
nucleic acid is a closely associated contaminant. 
The present feeling similarly is that the nucleic acid 
in the Pseudomonas concentrate is a contaminant. 
Fractionation studies are in progress with its com- 
plete removal as the objective. 

Pyrogens have been termed polysaccharides pri- 
marily because reducing sugirs are obtained on hy- 
drolysis. The literature is scanty on the nature of 
the component reducing sugars. The presence of 
hexosamine in small quantity, however, has been a 
fairly consistent observation. The Pseudomonas 
concentrate described in this paper was found to con- 
tain 7.0% hexosamine. The only other reducing 
sugars present were shown to be desoxyribose in 
desoxyribonucleic acid and ribose in ribonucleic 
acid. The nucleic acids appear to be nonessential to 
pyrogenicity. Consequently, the only reducing 
sugar essential to pyrogenicity appears to be 
hexosamine. The analytical information (Table I) 
indicates that approximately 50% of this concen 
trate is pyrogenic polysaccharide. Since only 7°) 
is attributable to hexosamine, there remains a 
large unclassified portion. It is tentatively proposed 
that this remaining portion consists of polyhydroxy, 
nonreducing substances, viz., sugar alcohols and 
possibly nonreducing sugar acids (onic acids). This 
hypothesis is given support by the fact that the 
ultraviolet absorption spectrum of a Pseudomonas 
concentrate hydrolysate shows great similarity to 
the ultraviolet absorption spectra of several of the 
sugar alcohols. Further degradative studies are 
planned to test this concept. 

It does not necessarily follow that other pyrogens 
have the chemical composition proposed for the ac- 
tive factor in the Pseudomonas concentrate. This 
composition may be unique to the pyrogen from the 
particular Pseudomonas species involved in this 
study. A detailed investigation of the pyrogens 
from a number of other bacterial species is in 
progress. 

The M. P. D. for the Pseudomonas concentrate in 
the rabbit has been demonstrated to be 0.3 y/Kg. 
Recently, the LD was found to be 75,000 y/Kg. in 
mice.? The effect of the concentrate’ in prolonged 
and massive dosages upon various tissues and organs 
in experimental animals has been studied by Windle 
and co-workers (20). Chambers and Windle (21) 

? Determined by Dr. M. E. Pinkerton of Baxter Labora- 
tories, Inc. 

+ The drug was supplied to the pharmacological, histologi- 
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have found that the concentrate acts via the central 
nervous system. The mechanism of fever elicited 
by the concentrate has been shown by Wells and Rall 
(22) to involve sudden and marked reduction of heat 
loss. They have further shown (23) that the reduc- 
tion of heat loss is caused by adrenergic nerve 
mediated vasoconstriction in the skin. 

Repeated use of the concentrate in animals and 
humans (24-30) has confirmed the reproducibility of 
the response and has established its safety, testifying 
to the low toxicity and low antigenicity of the con- 
centrate. 


SUMMARY 


1. The conditions for growing a Pseudomonas 
species to maximum bacterial yield and maximum 
pyrogen production are described. 

2. Deproteinization of the Pseudomonas cells 
by tryptic digestion has been employed to obtain 
a pyrogenic concentrate. 

3. Evidence is presented which indicates that 
the pyrogenic polysaccharide in the concentrate 
contains hexosamine as the only reducing sugar. 
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Piperidine Derivatives. 


I. Preparation of 


Piperidine-2,6-Dicarboxylic Acid and 


Its N-Methyl Derivative* 


By NILS-ERIK ANDERSSON} and TAITO O. SOINEt 


A convenient preparation of piperidine-2,6-dicarboxylic acid and its N-methyl 


derivative has been described in detail and the literature pertaining to these com- 

pounds has been reviewed. Piperidine-2,6-dicarboxylic acid is prepared by the 

catalytic reduction of pyridine-2,6-dicarboxylic acid. The 2 of the N- 
yde. 


methy! derivative involves the use of formic acid and formalde 


Comparison of 


the melting points of the compounds made and their derivatives with earlier work 


Brow of future research planned in this 

laboratory concerned with piperidine deriva- 
tives substituted in the 2,6 position, it was of in- 
terest to prepare piperidine-2,6-dicarboxylic acid 
and its N-methyl derivative. 

Piperidine-2,6-dicarboxylic acid has been pre- 
pared previously as the free base by Fischer (1) 
and Schmidt (2). Fischer prepared the acid by the 
treatment of a,a’-dibromopimelic acid diethyl 
ester with ammonia and obtained two forms of the 
acid (apparently cis and trans). Each of these 
contained one molecule of water of crystallization 
and had melting points of 258 and 281°. How- 
ever, no specification was made as to which was 
cis and which was trans. Schmidt also obtained 
two forms of the acid by electrolytic reduction of 
pyridine-2,6-dicarboxylic acid. He reported the 
melting points of the anhydrous acids as 206~207° 
and 158°, but did not specify which was cis and 
which was trans. Hess and Wissing (3) resorted 
to catalytic hydrogenation of pyridine-2,6-di- 
carboxylic acid using a catalyst of colloidal plati- 
num and platinum chloride suspended in gum 
arabic solution. They obtained the hydrochloride 
of only one form of the acid, m. p. 290-295. Other 
less successful attempts to prepare these acids 
have involved the use of sodium amalgam to re- 
duce pyridine-2,6-dicarboxylic acid and _ its 
sodium salt (4); and reduction of the acid with 
sodium and alcohol (3, 5, 6). 

The method of Hess and Wissing seemed to 
offer the best possibility of obtaining a pure com- 
pound, ostensibly the cis form, in good yield. A 
simplification of their method is given in which 
the hydrogenation is conducted almost quantita- 
tively with platinum oxide as catalyst. The acid 

* Received December 27, 1949, from the Department of 
Pharmaceutical Chemistry, College of Pharmacy, University 
of Minnesota, Minneapolis 

t Fellow of the American Foundation for Pharmaceutical 
Education 1948-1949). Present address Seitsemas 
Apteekki, Turku, Finland 


t Associate Professor of Pharmaceutical Chemistry, 
College of Pharmacy, University of Minnesota 


points to the cis configuration for the compounds. 
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is obtained readily as the free base or as the hydro- 
chloride. It is believed that the acid is the cis 
form inasmuch as N-methylation has led to a 
product very similar to the scopolinic acid (N- 
methyl piperidine-2,6-dicarboxylic acid) obtained 
by Schmidt (2, 7-11), Hess and Wissing (3), and 
Hess and Suchier (12), by the careful oxidation of 
dihydroscopoline. 

N-methyl piperidine-2,6-dicarboxylic acid (sco- 
polinic acid) has been prepared from dihydrosco- 
poline as previously mentioned. Synthetic 
methods, however, have been employed by other 
workers, prominent among these being Hess and 
Wissing (3) and Schmidt (8-11). The former 
workers obtained the compound containing one 
molecule of water of crystallization, m. p. 225°, 
by treating piperidine-2,6-dicarboxylic acid hy- 
drochloride with formalin in a sealed glass tube. 
Schmidt, in addition to obtaining the acid with 
one molecule of water of crystallization, m. p. 
214-216°, from the dihydroscopoline oxidation 
also prepared it from pimelic acid. Strangely 
enough, both of the above references state that 
their synthetic compound was identical with that 
obtained from natural sources in spite of the fact 
that there is a discrepancy of approximately 10° 
in their melting points. Willstatter and Lessing 
(13) prepared the dimethyl ester and its methio- 
dide but did not prepare the free acid. They ob- 
tained their product by heating the tetraethyl 
ester of dibromopentane tetracarboxylic acid with 
methylamine in a closed glass tube. The product 
was treated with barium hydroxide and the inter- 
mediate product then esterified without purifica- 
tion. They obtained a “‘basic-smelling”’ liquid, 
b. p. 140-141° (13 mm.). A methiodide prepared 
from this product had a melting point of 167—-168°. 
It is of interest to note that Schmidt (7) obtained 
a melting point of 175-176° for the same methio- 
dide, and that a melting point of 181-182° was 
observed in this work, 
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In this research the hydrochloride of piperidine- 
2,6-dicarboxylic acid has been utilized. It was 
treated with formaldehyde and formic acid to yield 
the desired product. Subsequent treatment of 
our compound with diazomethane to esterify it 
yielded a syrup from which we were able to pre- 
pare a methiodide with the correct analysis. 


EXPERIMENTAL 
Pyridine-2,6-dicarboxylic Acid (Dipicolinic 


Acid. ).— Dipicolinic acid was prepared by potassium 
permanganate oxidation of 2,6-lutidine according to 
the method described in the literature (3). The re- 
crystallized product, dried in an Abderhalden pistol 
had a melting point of 226°. The literature (3, 14) 
records 226° for the anhydrous compound. 

Anal.—Caled. for C;H;QiN: C, 50.3; 
Found: C, 50.3; H, 3.4. 


Pyridine-2,6-dicarboxylic Acid Dichloride.— The 
dichloride was prepared from the anhydrous acid by 
the use of thionyl chloride. When recrystallized 
from benzene it gave a melting point of 60-61°. The 
literature (15) reports 61°. 


Pyridine-2,6-dicarboxylic Acid Dimethyl Ester. — 
The dimethyl ester was prepared by interaction of 
the acid dichloride with anhydrous methyl alcohol. 
The melting point of the recrystallized ester was 
121°. The literature (15) reports a_ melting 
point of 121°. 


Piperidine-2,6-dicarboxylic Acid Hydrochloride. 
Ten grams of pyridine-2,6-dicarboxylic acid, 120 cc 
of glacial acetic acid, and 80 cc. of distilled water 
together with 1 Gm. of platinum oxide catalyst were 
introduced into a pressure bottle. The bottle was 
attached to a conventional Parr low-pressure hydro- 
genation apparatus and reduced under an initial 
pressure of 43 Ib. of hydrogen. The time allowed for 
the reduction was two hours although absorption of 
hydrogen was complete long before two hours had 
elapsed. It was later determined that 0.25 Gm. of 
catalyst could be used for the reduction of the 
above amount of acid, but at a sacrifice in speed of 
hydrogenation. The theoretical amount of hydrogen 
for the reduction of the pyridine ring was absorbed 
in each case. The catalyst was filtered from the reac- 
tion mixture, and to the filtrate was then added 8 cc. 
of concentrated hydrochloric acid. A slow precipita- 
tion of the hydrochloride was noted immediately and 
the filtrate was placed in the refrigerator for several 
hours to allow the precipitate to separate com- 
pletely. The deposit obtained in this way repre- 
sented an almost quantitative yield of product and 
when recrystallized from water finally yielded 9.8 
Gm. of a white, crystalline powder, m. p. 284-285°. 
The melting point, or more properly the decomposi- 
tion point, was taken only on a product that had been 
dried in an Abderhalden drying pistol at 130° for 
four hours and the melting point bath was heated at 
a rate of increase of 2° per minute. This melting 
point differs somewhat from the melting point given 
by Hess and Wissing (3), namely 290—295°. How- 
ever, by raising the temperature of the melting point 
bath a little more rapidly we were able to get a read- 
ing of 290-291° which is substantially in agreement 
with the above authors. 


H, 3.0. 
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Anal.—Caled. for 
5.8. Found: C, 40.3; H, 5.9. 


C, 40.1; H, 


Piperidine-2,6-dicarboxylic Acid.— The free acid 
was prepared directly from the reduction mixture 
obtained as outlined above. Instead of adding 
hydrochloric acid, however, the catalyst-free filtrate 
was evaporated to dryness on a steam bath. The 
crystalline residue was recrystallized from boiling 
distilled water to give an almost quantitative yield of a 
product melting at 244-245°. A sample of the 
crystalline product weighing 0.5384 Gm. lost 0.0273 
Gm. in weight on heating in an evacuated Abder- 
halden drying pistol at 130° for four hours. The loss 
in weight corresponds to the loss of one-half mole of 
water of hydration. The melting point of the dried 
product was 244-245°. This melting point is 
exactly the same as that of the hydrated product 
which may be explained most readily by assuming 
that during the melting point determination of the 
hydrated compound the water of hydration escaped 
long before the melting point was reached. The 
following analyses indicate that one-half mole of 
water of hydration is apparently retained by the 
compound in spite of the somewhat rigorous drying 
procedure. The literature gives 258° and 281° (1) 
for the monohydrate. 

Anal.—Caled. for C;H,ON-'/:H,O: 
H, 6.6. Found: C, 46.0; H, 6.7. 

Caled. for 44.0; 
Found: C, 43.7; H, 6.9. 


C, 46.2; 


H, 6.8. 


N-methyl-piperidine-2,6-dicarboxylic Acid (Sco- 
polinic Acid ).—-Twenty-one grams of piperidine-2,6- 
dicarboxylic acid hydrochloride, 25 ce. of formic 
acid (98%), 20 Gm. of formaldehyde (37%), and 
8.4 Gm. of sodium bicarbonate were refluxed for 
twelve hours in a round-bottomed flask equipped 
with a condenser. At this time carbon dioxide had 
ceased to be evolved. The thick reaction mixture 
was filtered to remove some precipitated sodium 
chloride. The clear filtrate was evaporated to dry- 
ness under reduced pressure on a steam bath. The 
solid residue was crystallized once from alcohol and 
twice from water (12 Gm. dissolved in 100 cc. of 
boiling water). The yield was approximately 45° of 
the theoretical. The product melted at 221-222° 
with decomposition. 

When 0.5410 Gm. of the product (dried in a 
desiccator) was dried at 135° in an evacuated Abder- 
halden drying pistol the residue was found to weigh 
0.4930 Gm. The loss of 48 mg. in weight corre- 
sponded closely (calculated 47.5 mg.) with the loss in 
weight to be expected from the presence of one mole- 
cule of water of hydration. The melting point of the 
dried product was exactly the same as that of the 
undried product. This is perhaps again explained 
by the fact that the hydrated compound would 
probably lose its water of crystallization before the 
melting point was reached. The literature (3) re- 
ports a melting point of 225° for the hydrated form 
and 230° for the anhydrous form. 


Anal.—Caled. for CsHyO,N: C, 51.3; H, 7.0. 
Found: C, 51.3; H, 7.2. 
Caled. for CsH,O.N-H,O: C, 46.8; H, 7.4. 


Found: C, 46.6; H, 7.3. 


N-methyl-piperidine-2,6-dicarboxylic Acid Di- 
methyl Ester.—Ten grams of finely powdered 
anhydrous N-methy]-piperidine-2,6-dicarboxylic 


— 
| 
i 


462 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


acid was dissolved in 100 cc. of anhydrous methyl 
alcohol. To this was added an excess of diazo- 
methane in anhydrous ether. The reaction mixture 
was allowed to stand at room temperature until no 
more diazomethane was present. The solvent was 
removed by distillation leaving a thick syrupy liquid. 
This was handled as in (a) and (0). 

(a) A portion of the syrupy liquid was treated 
directly with an excess of methyl iodide. Upon 
standing at room temperature overnight crystals 
formed in the reaction mixture. These were re- 
moved by filtration and recrystallized several times 
from methyl! alcohol to give white needles, m. p. 
181-182°. The literature reports m. p. 167-168° 
(13) and 175-176° (7) for the methiodide of the 
dimethy! ester of N-methyl piperidine-2,6-dicar- 
boxylic acid 

Anal.—Caled. for CyHwOiN-CHygl: C, 37.0; H, 
5.6. Found: C, 37.2; H, 5.6. 

(6) The remainder of the original syrupy liquid 
was allowed to stand in a desiccator for two months, 
at which time crystallization was apparent. Wash- 
ing the partially crystallized mixture several times 
with acetone yielded an odorless white powder, m. p. 
174-175°. This white powder was readily soluble in 
water. However. it resisted all attempts at recrystal- 
lization and, therefore, was not submitted for analy- 
sis. To obtain a crystalline derivative suitable for 
analysis the white powder was treated with an excess 
of methyl iodide. A crystalline methiodide, m. p. 
180-181° was obtained. Mixed melting point 
determinations of these crystals with the original 
white powder and with the methiodide prepared 
directly from the original syrup showed it to be iden- 
tical with the latter. This was further confirmed by 
its analysis. From the analytical data on the meth- 
iodides as presented it would seem that the white 
powder is the dimethyl ester of scopolinic acid al- 
though it differs significantly in its properties from 
the compound reported by Willstatter and Lessing 
(13). 

Anal.—Caled. for C, 37.0; H, 
5.6. Found: C, 36 9; H, 5.7. 

Five grams of N ‘-methyl-2 2,6-piperidine dicarboxy- 
lic acid was refluxed with 2 cc. of concentrated sul- 
furic acid in 100 cc. of anhydrous methyl! alcohol for 

five hours. The methyl! alcohol was distilled under 
reduced pressure and the residual liquid made neu- 
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tral with sodium carbonate. The neutralized mix- 
ture was then extracted with ether. The ether 
extractions were dried with anhydrous sodium sul- 
fate. The ether was removed by distillation and a 
syrupy residue was obtained. When this syrupy 
residue was treated with an excess of methyl iodide a 
yellow crystalline deposit was obtained. This 
residue was recrystallized from methy] alcohol until a 
constant melting point of 151-152° was obtained. 
This melting point is in obvious disagreement with 
the melting point of the methiodide obtained from 
the esterification with diazomethane. The analy- 
sis is also in disagreement with that of the methio- 
dide previously made. We are unable at this time 
to state the reason for the difference in melting points 
and analyses. 

Anal.—Caled. for CiHwO.N-CH,I: C, 37.0; H, 
5.6. Found: C, 35.75; H, 5% 


SUMMARY 


Piperidine-2,6-dicarboxylic acid and its N- 
methyl derivative have been prepared by methods 
representing improvements on those formerly 
used. It is believed that the N-methyl derivative 
is scopolinic acid (cis-N-methyl-2,6-piperidine 
dicarboxylic acid) on the basis of comparative 
melting points although the early literature is 
somewhat contradictory on this point. Further 
work to confirm this belief is being undertaken. 
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Ammonium cyanide 
y-Aminobutyric acid 
3-Methylpentanol-3 
Acetyl cyanide 
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Acetyl phosphate 
Perillic acid 
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Thioic acid 
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Piperidine Derivatives. _ II. 


Preparation of 


2,6-di-( Al/pha-Hydroxybenzyl)-piperidine 


The preparation of at least one form of 2,6- 
dibenzoyl-piperidine hydrochloride and of 
two forms of 2,6-di-(a-hydroxybenzyl )-piper- 
idine hydrochloride has been described. 
Catalytic hydrogenation experiments have 
been used to obtain the products from 2,6- 
dibenzoyl-pyridine. These compounds have 
not been described in the literature. 


AS A CONTINUATION of our previous work (1) 
with piperidine derivatives substituted in 
the 2,6 positions, 2,6-dibenzoyl-piperidine hydro- 
chloride (I) and 2,6-di-(a-hydroxybenzyl)-piperi- 
dine hydrochloride (II) have been prepared. 


Inspection of the structural relationships in the 
formulas I and II shows the possibility of cis-trans 
isomerism in each compound together with the 
possibility of optical isomers due to asymmetric 
carbon atoms. Compound I can exist in a cis- 
trans relationship in which the trans form would 
consist of a di-mixture and the cis form with no 
possibility of optical activity. In the case of the 
compound represented by Formula IT the situa- 
tion becomes more complicated by virtue of the 
two additional asymmetric carbon atoms. The 
cis form of Compound II can exist in two meso 
modifications and one di-mixture of optical iso- 
mers. The trans form offers the possibility of 
three dl-pairs of optical isomers. It is not the 
purpose of the work described in this paper to in- 
vestigate isomeric relationships but rather to de- 
scribe the compounds resulting from our method 
of synthesis. 

It was found that reduction of 2,6-dibenzoyl 
pyridine would yield a mixture of products. One 
and possibly two compounds corresponding to 
Formula I, m. p. 178-179° and 238-239°, have 
been isolated from the reduction mixture. 
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These were obtained by partially hydrogenating 
dibenzoyl-pyridine, ie., until three moles of 
hydrogen were taken up. The compound, m. p. 
238-239°, was obtained in small yield and is not as 
fully characterized as the other compound. The 
compound, m. p. 178-179°, was prepared in 
fairly good yield and appears to be the ketone 
form of one of the alcohols corresponding to 
Formula II. 

Complete hydrogenation of dibenzoyl pyridine, 
ie., absorption of five moles of hydrogen, yielded 
a mixture of compounds from which two crystal- 


OH OH 


(II) 


line derivatives, m. p. 265° and 278-279°, 
analyzing for Formula II have been isolated. The 
relationship between Compound I, m. p. 178- 
179° and Compound II, m. p. 265° was estab- 
lished by the conversion of I to II by catalytic 
hydrogenation. However, although Compound I, 
m. p. 238-239°, yielded a product, m. p. 280-281° 
when hydrogenated, this compound gave a pro- 
nounced depression of the melting point when a 
mixed melt was taken with Compound II, m. p. 
278—279°. The small amount of Compound I, 
m. p. 238-239°, precluded further investigation 
into its nature at this time. 

Further work is being undertaken to obtain 
larger amounts of the materials in question for the 
purpose of submitting them for pharmacologic 
testing and for further chemical manipulation. 


EXPERIMENTAL 


2,6-Pyridine-dicarboxylic Acid Dichloride.—This 
compound was prepared according to the method 
previously described (1). The melting point was 
61°. 

2,6-Dibenzoyl-pyridine.—Eleven and nine-tenths 
grams of 2,6-pyridine-dicarboxylic acid dichloride 
and 14 Gm. of anhydrous aluminum chloride were 
carefully heated on a steam bath in a round- 
bottomed flask equipped with a condenser. When a 
fusion of the compounds had been effected, 60 cc. of 
anhydrous benzene was added through the condenser 


~ 
| HCl 
H 
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in small portions while shaking the flask. The re- 
sultant mixture was refluxed for six to eight hours or 
until the evolution of hydrogen chloride had ceased. 
The excess of benzene was removed under reduced 
pressure to yield a dark-colored cake. The residue 
was then crushed under 200 cc. of ice cold water. 
This aqueous mixture was submitted to a short 
period (fifteen to twenty minutes) of steam distilla- 
tion to remove traces of benzene. The hot mixture 
was cooled with vigorous stirring and a reddish 
colored product, having the consistency of sand, was 
filtered off. This product was then dissolved in hot 
alcohol and filtered until the solution was clear. 
The hot alcoholic solution was refluxed for a short 
period of time with a small portion of decolorizing 
carbon and filtered. The filtrate, when cooled, de- 
posited brownish red crystals. These crystals were 
further decolorized with decolorizing carbon until 7 
Gm. of a white, cotton-like crystalline product was 
obtained, m. p. 108-109°. Only traces of the com- 
pound were obtained by making the original filtrate 
(from the reddish-colored product) alkaline, extract- 
ing with ether and evaporating the ether. The 
literature reports (2) m. p. 108° for the same product. 

Anal.—Caled. for CywHyO.N: C, 79.4; H, 4.6. 
Found: C, 79.1; H, 4.6. 


2,6-Dibenzoyl-piperidine Hydrochloride. — During 
preliminary catalytic hydrogenations of 2,6-di- 
benzoyl! pyridine it was observed that three-fifths of 
the calculated amount of hydrogen was absorbed in a 
matter of fifteen to twenty-five minutes, whereas the 
remaining two fifths required an additional two or 
three hours. Although the latter phase of a hydro- 
genation often runs more slowly than the initial 
phase it seemed from past experience that there was 
too pronounced a drop in the rate of hydrogen 
absorption to be accounted for in that manner. It 
was with the thought in mind that the initial rapid 
phase of hydrogenation represented the hydrogena- 
tion of the pyridine ring and the later slow phase the 
hydrogenation of the carbonyls that it was decided 
to use an interrupted method of hydrogenation. 

Ten grams of 2,6-dibenzoyl pyridine, 200 cc. of 
absolute alcohol and 1 Gm. of platinum oxide were 
introduced into a pressure bottle and reduced in a 
Parr low-pressure hydrogenation apparatus using an 
initial pressure of 46 lb. of hydrogen. When three- 
fifths of the calculated amount of hydrogen for full 
hydrogenation had been absorbed the reduction was 
discontinued. The catalyst was removed by filtra- 
tion and to the catalyst-free filtrate was then added 
100 ce. of anhydrous ether previously saturated with 
hydrogen chloride. After standing in the refrigera- 
tor for ten hours, 0.3 Gm. of crystals, m. p. 274-275°, 
formed on the bottom of the container and were re- 
moved by filtration. The filtrate was concentrated 
to 175 ce. to obtain 4.6 Gm. of crystals possessing 
a melting point of approximately 178°. The filtrate 
from these crystals was then concentrated to ap- 
proximately 50 cc. to obtain a further crop of 3.8 
Gm. of crystals having an approximate melting point 
of 175-178°. The final filtrate was concentrated to 
10 cc. and deposited 0.7 Gm. of a crystalline product, 
m. p. 210°. 

The first crop of crystals weighing 0.3 Gm. was 
recrystallized from alcohol several times to yield a 
product melting constantly at 278-279°. The two 
crops of crystals in the amounts 4.6 Gm. and 3.8 


3m. were combined and washed with a small amount 
of acetone to remove any unreacted dibenzoyl pyri 
dine. The washed residue was dissolved in 75 cc. of 
ethyl alcohol and placed in the refrigerator. Upon 
standing for ten hours, 2.1 Gm. of crystalline 
material was obtained, m. p. 274-276° (the filtrate 
was labeled “Filtrate A”). These crystals were 
recrystallized from alcohol several times and were 
finally separated into two compounds possessing 
melting points of 265-266° and 278-279°, respec 

tively. A mixed melting point of the crystals melt 

ing at 278-279° with those obtained from the first 
crop of crystals failed to depress the melting point 
and they were assume 1 to be the same. Filtrate A 
was concentrated alm st to dryness and the residue 
dissolved in a small amount of absolute ethy]! alcohol. 
Careful addition of petroleum ether to this solution 
caused the formation of a white crystalline deposit. 
This was recrystallized several times from alcohol to 
give 2.7 Gm. of white crystals, m. p. 178-179°. The 
last crop of crystals, m. p. 210°, obtained from the 
reduction mixture was recrystallized from alcohol 
several times to yield a small amount of a nicely 
crystalline product, m. p. 239-240°. 

Reduction experiments, as described later in this 
paper, carried out on the isolated compounds showed 
that only the compounds melting at 239-240° and 
178-179° were capable of further reduction. These 
were assumed to be possible forms of dibenzoyl 
piperidine. Unfortunately, a laboratory accident 
destroyed our small sample of the compound melt- 
ing at 239-240° and we were unable to have it 
analyzed. However, the other compound has been 
analyzed and found to correspond well with the 
expected results. 

Anal.—Caled. for C, 69.2; H, 
6.1. Found: C, 69.6; H, 5.7. 


2,6-Di-(a-hydroxybenzyl )-piperidine Hydro- 
chloride.—Five grams of 2,6-dibenzoyl pyridine, 100 
ce. of absolute alcohol, and 0.5 Gm. of platinum 
oxide were introduced into a pressure bottle. The 
bottle was attached to the Parr low-pressure hydro- 
genation apparatus and reduced under an initial 
pressure of 45 lb. of hydrogen. The hydrogenation 
was complete in three hours. The catalyst was re- 
moved by filtration and the filtrate was then treated 
with 50 cc. of anhydrous ether saturated with hy- 
drogen chloride. After standing in the refrigerator 
for approximately ten hours crystallization was 
noted. The crystals were removed by filtration, 
found to weigh 2.7 Gm. and to possess a melting 
point of 272-273°. Several recrystallizations of 
this product yielded 2.1 Gm. of a compound melting 
constantly at 278-279°. The melting point of the 
compound remained the same following drying in an 
evacuated Abderhalden pistol at 109° for three 
hours. A mixed melting point of this compound 
with the crystalline material obtained in the prepara- 
tion of 2,6-dibenzoyl-piperidine hydrochloride and 
having the same melting point, failed to depress the 
melting point. 

The filtrate obtained from the above crystalline 
material was evaporated to a small volume and 
placed in a refrigerator for twelve hours. The de- 
posited material was removed by filtration, dried, 
and found to have a melting point of 255-257° 
This was washed several times with acetone and 
then recrystallized from alcohol several times. The 
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crystals obtained had a melting point of 278-279° 
and were found to be identical with those previously 
obtained. The filtrates from these crystallizations 
were combined and the solvent removed almost 
completely under reduced pressure. The residue 
was dissolved in the least possible amount of absolute 
alcohol and then carefully precipitated by the addi- 
tion of petroleum ether. The crystalline material 
obtained in this manner was removed by filtration 
and recrystallized several times from ethyl alcohol 
until a constant melting point was obtained. In 
this way 1.8 Gm. of a white, crystalline product, 
m. p. 265-266°, was obtained. A mixed melting 
point of this material with the compound melting at 
278-279° gave a depressed melting point lower than 
either of the two components. A mixed melting 
point of this material with the compound obtained 
during the preparation of 2,6-dibenzoyl]-piperidine, 
m. p. 265-266°, showed the identity of these two 
compounds. 

One gram of the compound with melting point 
178-179° which analyzes for 2,6-dibenzoyl-piperi- 
dine, 50 cc. of absolute alcohol, and 0.25 Gm. of 
platinum oxide were placed in a pressure bottle and 
hydrogenated under an initial pressure of 45 Ib. 
The hydrogenation was allowed to proceed for three 
hours, during which time the theoretical amount was 
consumed. After removal! of the catalyst by filtra- 
tion the filtrate was concentrated under reduced 
pressure. Upon cooling and standing in the re- 
frigerator, a crystalline product was obtained. 
This was recrystallized several times from ethyl 
alcohol to give a product melting at 265-266°. A 
mixed melting point of this product with the product 
obtained above and possessing the same melting 
point failed to depress the melting point and indi- 
cated the identity of the two products. It is 
interesting to note that a similar hydrogenation on 
the product obtained during the preparation of 2,6- 
dibenzoyl-piperidine, m. p. 239-240°, failed to give 
the other fully hydrogenated product (m. p. 278- 


279°). In this case, a product melting at 280-281° 
was obtained from the hydrogenation mixture, but a 
mixed melting point with the compound melting at 
278-279° depressed the melting point markedly 
indicating the nonidentity of the two compounds. 

Anal.—Caled. for CjHxO.NCI: C, 68.35; H, 
7.3. Found: C, 68.25; H, 7.6. (m. p. 265-266°). 

Caled. for CisHxO,.NCI: C, 68.35; H, 7.3 
Found: C, 68.22; H, 7.5 (m. p. 278-279°). 


SUMMARY 


1. A preliminary investigation of the products 
of catalytic hydrogenation of 2,6-dibenzoyl- 
pyridine has been made. 

2. One form of 2,6-dibenzoyl-piperidine, m. p. 
178-179°, has been isolated from the reduction 
and found to analyze correctly. Another possible 
form of 2,6-dibenzoyl-piperidine, m. p. 239-240°, 
has probably been made but has not been in- 
vestigated sufficiently at the present time to make 
a definite statement. 

3. Two forms of 2,6-di-(a-hydroxybenzyl)- 
piperidine, m. p. 265-266° and 278-279°, have 
been prepared and found to analyze correctly for 
the expected compounds. 

4. The relationship, between 2,6-dibenzoyl- 
piperidine, m. p. 178-179°, and 2,6-di-(a- 
hydroxybenzyl)-piperidine, m. p. 265-266°, has 
been established by catalytically reducing the 
former to yield the latter. 
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Concentration of Tetanus Toxoid* 


By MORRIS B. JACOBS} and MARTHA A. BEHAN{ 


Tetanus toxoid can be concentrated by use of trichloroacetic acid in a simple and 
convenient manner. Sufficient trichloroacetic acid is added to the crude tetanal 
bacterial filtrate to lower its pH to about 4. This results in the precipitation of the 
toxoid which can subsequently be separated from the rest of the bacterial filtrate by 
centrifugation. The toxoid precipitate readily dissolves in a phosphate buffer of 
pH 8. This solution may then be standardized as to limit of flocculation (Lf.) 
content and used for the preparation of polyantigens, purified fluid toxoid, and 
alum-precipitated toxoid. The preparation has good antigenic properties and 
batches have been prepared which have passed National Institutes of Health require- 
ments. The method is rapid and inexpensive and can be carried out with equip- 
ment generally available in immunochemical, bacteriological, pharmaceutical, and 
chemical laboratories. 


Arye of the methods which have been pro- 

posed for the concentration and purification 
of tetanus toxoid discloses that these methods 
may be grouped for convenience into two major 
categories. These are, first, chemical methods, that 
is precipitation of the toxoid by protein precipi- 
tants with subsequent solution of the separated 
toxoid in buffered salt solution; and secondly, 
physical methods, such as adsorption of the active 
material on an adsorbent with subsequent elution 
of the toxoid, or absorption of impurities on an ab- 
sorbent such as activated carbon, or ultrafiltra- 
tion. The literature concerning these methods 
has been reviewed by Norlin (4) in connection 
with work on the concentration and purification 
of diphtherial toxoid. 

Briefly, the chemical methods may be classified 
as: (a) neutral salt precipitation and fractiona- 
tion as with ammonium sulfate; (6) heavy metal 
precipitation as with cadmium sulfate, zinc 
chloride, or calcium phosphate; (c) acid precipita- 
tion as with hydrochloric acid, acetic acid, or 
trichloroacetic acid; (d) precipitation with pre- 
cipitants such as protamine (11); and (e) solvent 
precipitation as with acetone, methyl alcohol (10), 
or with ethyl alcohol. The variation of Pillemer 
(6) of the latter method has been adopted as the 
procedure of choice by some investigators. 

Despite these many methods and variations of 
methods which have been proposed for the con- 
centration and purification of toxoids, none has 
achieved widespread acceptance and crude de- 
toxified bacterial filtrates are still employed for 
immunization. There are two principal reasons 
for this lack of acceptance of such methods. 
First, the methods of purification proposed are 
generally time-consuming and the losses are large 
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so that the processes are economically unfeasible 
and secondly, the equipment, comprising re- 
frigerated boxes, chambers or rooms, and re- 
frigerated centrifuges, required for certain meth- 
ods is relatively so expensive as to preclude their 
general use. 

The method detailed below, based on the work 
of Boivin and Izard (2, 9) overcomes both of the 
problems mentioned above. 


METHOD 


Tetanus toxin produced by the method of Mueller 
(3) and converted to toxoid is precipitated with 
sufficient trichloroacetic acid to lower the pH to 
about 3.5 to 4.0. The flocculent precipitate and 
supernatant liquid are transferred to centrifuge cups 
and centrifuged to separate the precipitate. The 
supernatant phase is poured off, the cups are in- 
verted to permit the remaining liquid to drain off 
completely, and the precipitate is dissolved in a 
phosphate buffer of pH 8. This concentrate can be 
reserved in storage in this form until it is desired to 
use it. For use as a fluid toxoid, it is diluted with 
physiological salt solution (0.85°% sodium chloride 
solution) to the desired Lf. concentration and it is 
preserved with Merthiolate 1: 10,000. 


Reagents.—Trichloroacetic acid: A one normal 
solution of reagent trichloroacetic acid is prepared 
by dissolving 163.5 Gm. of CCl,;COOH in distilled 
water and diluting to a liter with distilled water. 

Phosphate buffer: A fifteenth molar solution of 
potassium dihydrogen phosphate is prepared by dis- 
solving 9.078 Gm. of monobasic potassium phos- 
phate, KH;PO,, in distilled water and diluting to 1 
liter. A fifteenth molar solution of disodium hydro- 
gen phosphate is prepared by dissolving 11.876 Gm. 
of dibasic sodium phosphate, Na;HPO,2H,0, in 
distilled water and diluting to | liter. To prepare a 
liter of phosphate buffer, pH 8, mix 944 ml. of 
fifteenth molar disodium hydrogen phosphate solu- 
tion with 56 ml. of fifteenth molar potassium dihy- 
drogen phosphate solution. 


Procedure.—To 800 ml. of tetanus toxoid solu- 
tion, prepared as noted above, in a liter serum flask, 
is added 80 ml. of 1 N trichloroacetic acid and the 
contents of the flask is mixed rapidly and thoroughly. 
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It is stoppered and allowed to stand at room tem- 
perature for half an hour. The flocculent precipi- 
tate is mixed gently to suspend it in the supernatant 
fluid and it is distributed evenly in four 250-ml. 
centrifuge cups, after which it is centrifuged at a 
moderate rate, sufficient to pack the precipitate, for 
twenty minutes at room temperature. The super- 
natant is poured off carefully so that the precipitate 
is not disturbed and without reinverting the cup, 
it is set mouth down on filter paper to drain. This 
is repeated with each centrifuge cup. Then one 
centrifuge cup is set upright and with the aid of a 
pipette, 10 ml. of pH 8 phosphate buffer solution is 
added. With a steady whirling motion the precipi- 
tate is dissolved. If the precipitate is packed too 
hard in spots, it is dislodged with the tip of the 
pipette. The toxoid solution is transferred to the 
second cup and the solution process repeated. The 
solution’ is transferred to the third cup and finally to 
the fourth cup. Each cup is allowed to drain thor- 
oughly after each transfer. As a rough estimate of 
the volume recovered, the solution is transferred to a 
25-ml. graduated cylinder, the volume is noted and 
then it is transferred to a small flask or test tube. 
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preserved with Merthiolate 1: 10,000, and the anti- 
genicity and toxicity are checked by the methods 
described in “‘Minimum Requirements for Tetanus 
Toxoid” issued by the National Institutes of Health. 
The balance of the concentrated toxoid is diluted 
with sodium chloride solution to the desired strength, 
and Merthiolate is added as the preservative. It is 
filtered through a Berkefeld filter for sterilization 
and tested for sterility and antigenicity, placed into 
vials, and labeled. 


RESULTS 


Three different lots of crude tetanus toxid were 
concentrated by the procedure detailed above. 
The Ramon flocculation procedure was used to deter- 
mine the Lf./ml. values. Nitrogen determinations 
were made by the author's modification of the Pregl- 
Parnas-Wagner method (5). Toxicity and anti- 
genicity tests were performed according to the : 
methods prescribed by the National Institutes of : 
Health mentioned above. These results are tabu- f 
lated in Tables I and II. 

Five milliliters each of samples T271, T304, T211, 


2000 Lf./ml.; 1.75 mg. N/ml.; equivalent to 1143 Lf./mg. N; purification factor is 109. 
Washed residue in each cup with 15 ml., then 10 ml. N CClrCOOH (9 + 90). 


MI. Parent 
MI. N Buffer Toxoid; Concentrated Toxoid 
Sample Mil. CCh- Standing Sol- Mil. Re Total Lf./Ml. a % Kf, 
No. Sample COOH Time vent covered Lf. Used Found Recovered Recovered Hr.: Min. 
T301¢ 800 80 4 hr. 10 12.0 24,000 2000 24,000 100 2:40 
:05 
T302 80 30 min. 2. 24,000 25,000 >100 755 
T303 800 80 30 min. 10 11.5 24,000 2000 23,000 96 2:35 
T304 800 80 30 min.* 10 12.5 24,000 1600-  - 20,000- 83- 2:55 
1875 23,437 97 2:20 
T305 400 40 1 hr. 5 7 12,000 2000 14,000 > 100 1:35 
T306 800 80 10 min. 10 13 24,000 2400 > 100 1:10 
T307 400 80 15 min. 7 8.5 12,000 1200 10,200 85 5:02 
T271* 800 80 10 min. 10 12 ae 1500 18,000 eat 
T272 800 80 30 min. 10 13.5 1200- sae 3:54 | 
1430 2:22 
T211/ 800 80 30 min. 10 12.5 12,000 800 10,000 83 6:00 
T212 800 80 30 min. 10 12.5 12,000 800 10,000 83 3:20 
* Parent Toxoid: 30 Lf./ml.; 2.84 mg. N/ml.; equivalent to 10.5 Lf./mg. N; Kf. 55 min. Concentrated toxoid T301: 
© Dissolved precipitate in 10 ml. pH 8 phosphate buffer; diluted to 400 ml. with water; added 40 ml. N CChCOOH and 


followed procedure as detailed 
Parent toxoid diluted with 400 ml. distilled water and followed procedure as detailed. 
* Lf./ml. of parent toxoid variable; Kf. of parent toxoid 60 min. 


Lf./ml. of parent toxoid 15. 


For preparation on a pilot plant scale, toxoid is 
precipitated by using the same ratio of trichloroace- 
tic acid to crude tetanus toxoid solution. It is 
allowed to stand one-half to one hour, the clear 
supernatant solution is poured off, the residue is 
distributed in centrifuge cups, and centrifuged as 
above. The supernatant is poured off, the cups are 
allowed to drain, and the precipitate is dissolved in 
pH 8 phosphate buffer solution using 12.5 to 20 ml. 
per liter of crude tetanus toxoid solution processed. 
It is impractical to use lesser volumes of buffer 
solvent for a clear solution is not obtained. 


Standardization of Fluid Toxoid.—The Lf. con- 
centration of the concentrated toxoid by Ramon 
flocculation tests is obtained. Using this as a basis 
of calculation, a small volume is diluted with the 
requisite amount of 0.85°% sodium chloride solution, 


and T272 (T271 and T272 were made from the same 
crude toxoid) containing, respectively, 30, 60, 50, 
and 50 Lf./ml. were injected into 1, 8, 8, and 6 
guinea pigs, respectively, to test for toxicity. All 
pigs survived for more than forty-two days symp- 
tom-free. 

All guinea pigs were examined shortly after injec- 
tion and were systematically observed thereafter 
for edematous and necrotic areas at the site of in- 
jection. No local or systemic (as evidenced by 
weight loss) reactions were noticed in any of the 
125 guinea pigs used in the antigenicity and toxicity 
tests. 

After a period of seven months, and also after a 
year, a concentrated tetanus toxoid preparation was 
again tested for antigenicity and toxicity. The 
material was still potent and passed the National 
Institutes of Health requirements. 
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No. of Challenge 
Sample Guinea Toxin, 
No. Pigs Lf./ML. M.L.D 
306-4 or 30 10 
T306* 14/ 30 10 
T3044 14 60 10 
T303¢ 14 90 10 
T211¢ 12 25 10 
T2114 14 5O 10 
T271* il 30 10 
T2724 14 10 
Controls 10 0 I 


* Dose | ml 


No. 

Survived 

Challenge 0 1 2 3 
6/6 5 1 0 0 
13/13 10 2 0 1 
14/14 13 1 0 0 
14/14 14 0 0 0 
12/12 10 l l 0 
14/14 10 2 0 2 
11/11 6 3 1 1 
14/14 ll 3 0 0 
0/10 All died on third day 


°O = no symptoms; | = slight tetanal curvature of spine; 2 = tetanal curvature of spine; 3 = marked tetanal curvature 


of spine 
© Parent toxoid (not concentrated) 
Challenged at five weeks 


* One died before challenge, congested lungs; 2 sick, not challenged, died, lungs 


/ One died before challenge, congested lungs 
* Half challenged at four weeks and half at five weeks. 
4 Six challenged at five weeks and 5 at six weeks 


DISCUSSION 


The trichloroacetic acid method for the concentra- 
tion and purification of tetanus toxoid was selected 
because of its ease and simplicity. The ethyl and 
methyl! alcohol methods of precipitation have much 
to recommend them and they have been successfully 
exploited by Pillemer (6, 7) but the solvent method 
of precipitation has two serious disadvantages: 
First, the use of such solvent precipitants has an 
inherent disadvantage in that the heat of solution of 
the alcohol in water is so high that it becomes neces- 
sary to use very low temperatures of the order of 
— 20° for precipitation and centrifugation; secondly. 
the use of such low temperatures for various steps in 
the process requires relatively elaborate equipment 
not generally available. 

The principal purposes in the concentration and 
purification of tetanus toxoid are: (a) to provide a 
more potent toxoid; (+) to enable it to be used in 
polyantigen preparations without increase in the 
volume customarily injected; and (c¢) to minimize 
the reactions produced when crude preparations are 
used. In the light of these purposes, the trichloro- 
acetic acid method is not complicated; the recovery 
ranges from 83 to 100°; as estimated from floccula- 
tion values: over 99°, of the nonspecific nitrogen is 
eliminated by one precipitation; the purified toxoid 
gives a flocculation test although the flocculation 
time (Kf.) is generally increased over that of the 
parent toxoid; the product is stable, our experi- 
ments show, for over a year; its antigenic value in 
concentrated form is superior to the parent toxoid 
from which it was prepared; no untoward reactions 
were noted in guinea pigs. Its use in polyantigens 
containing diphtheria toxoid and pertussis vaccine 
has been investigated. Adequate antigenicity has 
been found. 

Comparison of this method with the solvent pre- 
cipitation method shows that after precipitation and 
two washings of his toxoid precipitate, Pillemer re- 
moves, according to his best results, 99.76°) of the 
original nitrogen, whereas, in this method, with no 
washings, 99.16°; and with one washing, 99.51°% of 
the original nitrogen is removed 

It is to be noted that in the one respect of floccula- 
tion time, this method does not appear to give better 
results. The flocculation time appears to be in- 


creased over the crude toxoid. This anomaly has 
been noted by Ramon, Boivin, and Richou (8) and 
by other investigators (1). Nevertheless in these 
preparations there is no impairment of antigenicity, 
which is our principal objective. This is proved by 
the fact that in the seven preparations tested for 
antigenicity listed in this paper and in two subse- 
quent tests, one of which was performed on a prep- 
aration made seven months previously, the toxoids 
were found to be antigenic according to National 
Institutes of Health protocols. Retention of anti- 
genicity despite increase in flocculation time has 
been noted by other investigators. 

In contrast, Pillemer’s product, which had rapid 
flocculation time, had relatively poor protective 
power for mice. The highest percentage protection 
obtained with his purified product (7) was 58°; his 
lowest was 10°), even less than the parent toxoid. 

It is not practical to use lesser volumes of pH 8 
phosphate buffer to dissolve the precipitated toxoid 
because very viscous mixtures are formed. Greater 
volumes of phosphate buffer may be used but this in 
turn introduces greater concentrations of phosphates 
in the final fluid toxoid. 

The trichloroacetic acid undoubtedly has a pre- 
servative action. It is never present in the final 
toxoid as the free acid but it may be completely 
eliminated by washing with an appropriate acid 
buffer at pH 3.5 to 4.0. 

It may appear that it would be as simple to add 1 
N trichloroacetic acid to a given pH rather than add 
a given volume of the acid to a stated volume of 
crude bacterial filtrate. There is, however, little to 
be gained in this way for it is customary in our 
laboratory, and is probably the general practice, to 
adjust the pH of the toxin before it is converted to 
toxoid. The final crude bacterial filtrate varies 
over a small pH range, in the case of tetanus toxoid 
around 7.5, so that the addition of trichloroacetic 
acid in the ratio specified lowers the pH to the range 
of 3.5 to 4.0 and the precipitation of the toxoid takes 
place. There can be no objection to a more accurate 
adjustment of the pH but it is not critical. 

The factors governing the speed with which the 
trichloroacetic acid precipitates the toxoid are the 
medium on which the toxin was made, the pH, and 
the temperature. As a general rule toxoids pre- 
pared with semisynthetic media precipitate rapidly. 
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One very great advantage of this method is that 
high concentrations of tetanus toxoid may be stored 
in small volumes of phosphate buffer for long periods, 
thus saving considerable storage space. 


SUMMARY 


Tetanus toxoid can be concentrated and puri- 
fied by a modification of the method of Boivin 
and Izard. The toxoid is precipitated from the 
crude bacterial filtrate by the addition of tri- 
chloroacetic acid to a pH of about 4. The pre- 
cipitate is recovered by centrifugation, is dis- 
solved in a phosphate buffer of pH 8, is diluted to 
the desired Lf. concentration by the addition of 
0.85 per cent sodium chloride solution, and is pre- 
served with a chemical preservative. The re- 
covery ranges from 83 to 100 per cent as esti- 
mated by flocculation values. Over 99 per cent 
of the nonspecific nitrogen is eliminated. The 
flocculation time is increased but the product does 
flocculate. It has good antigenic properties for 
98/98 guinea pigs inoculated with 25 to 90 
Lf./ml. in 1-ml. doses survived the challenge of 


Purified tetanus toxoid can be prepared by 
the acid method. With this 
simple, convenient method over 99 per cent 
of the nitrogeneous material present in the 
parent crude bacterial filtrate can be removed 
with one precipitation without materially af- 
fecting the antigenicity of the product. 


Is A PRIOR paper (2) a method for the concentra- 

tion of tetanus toxoid based on the procedure 
of Boivin and Izard (1) was detailed. It is the 
purpose of this article to prove that this method is 
not only a means of concentrating the toxoid but 
is also a means of purification of the toxoid. 

The purity of a concentrated toxoid can be 
considered from two points of view. First the 
ratio of the flocculation units per mg. of nitrogen 
(Lf./mg. N) in the purified toxoid to the Lf./m 
N of the total protein or total undialyzable nitro- 
gen in the parent or crude toxid can be ascer- 
tained. Second, the ratio of the Lf./mg. N in the 
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10 M. L. D. doses of tetanus toxin, while 10 con- 
trols died after three days with 1 M. L. D. Itis 
nontoxic for 23/23 guinea pigs survived more than 
twenty-one days after receiving 5-ml. doses of the 
prepared fluid toxoid. The method presented is 
rapid, inexpensive, and can be performed with 
equipment commonly available in immuno- 
chemical, bacteriological, and chemical labora- 
tories. 
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purified toxoid to the Lf./mg. total nitrogen in the 


parent toxoid can be determined. Since the 
latter is the one most commonly used in the litera- 
ture (5, 6), is the simplest to obtain, and gives the 
information desired, it was adopted for this work. 

The purification factor may be defined then as 
the number of times the Lf. concentration of a 
purified toxin or toxoid has been elevated over 
that of a parent or crude toxin or toxoid from 
which it had been prepared. As Tasman and van 
Waasbergen (6) and later Pillemer (5) pointed 
out, a purification factor can be calculated by 
means of the formula: 


Lf./n /mg. N in purified toxoid 


Purtiestion fester = Lf./mg. N in crude toxoid 


With the aid of this equation, the purification fac- 
tors given in Table I were calculated. 


EXPERIMENTAL 


Concentration of Toxoid.—In general the method 
detailed by Jacobs (2) was followed. Tetanus toxin 
produced by the method of Mueller (3) and con- 
verted to toxoid is precipitated with sufficient 
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TABLE I.—TETANAL Toxorp PURIFICATION FAcTORS 


Lf./Ml. Mg. N/MI. Lf./Mg.N Purification Factor 

30 2.840 10.5 
T301 2000 1.751 1143 109 
T302 2000 1.709 1170 111 
T303 2000 0.966 2070 197 

0.994 1609-1886 153-179 

1.568 1276 122 

0 

2 

a. 

2 

1. 

1. 


trichloroacetic acid to lower the pH to about 3.5 to 
4.0. This is usually accomplished by the addition 
of 1 volume of N trichloroacetic acid to 10 volumes 
of crude bacterial filtrate. The flocculent precipi- 
tate and the supernatant liquid are transferred to 
centrifuge cups and centrifuged at a speed adequate 
to pack the precipitate. The supernatant phase is 
poured off, the cups are inverted to permit the liquid 
to drain off as completely as possible, and the precipi- 
tate is dissolved in a phosphate buffer of pH 8. For 
fluid toxoid, the concentrate is diluted with 0.85% 
sodium chloride solution to the desired Lf. concen- 
tration and it is preserved with Merthiolate 1: 10,000. 

The following variations in the method were 
tried. For sample T303, after centrifugation to 
recover the precipitated toxoid, the residue in each 
cup was washed successively with 15 ml. and then 
with 10 ml. of 0.1 N trichloroacetic acid. 

The treatment of sample T304 was varied by dis- 
solving the toxoid precipitate in 10 ml. of pH 8 phos- 
phate buffer; diluting to 400 ml. with water and 
then adding 40 ml. of N trichloroacetic acid. The 
toxoid was reprecipitated rapidly and the remainder 
of the procedure was followed as previously detailed. 

The treatment of samples T305 and T307 was 
varied in that the parent toxoid was diluted with a 
equal volume of distilled water before continuing 
with the procedure outlined. 

Total nitrogen content of both the crude bacterial 
filtrates and the redissolved concentrated toxoids 
was estimated by the author's modification of the 
Pregl-Parnas-Wagner method (4). 


TABLE II.—NrtTROGEN REMOVED DURING PURIFICATION 


The results obtained by the aforementioned 
methods are tabulated in Tables I and II. 

In order to calculate the percentage of nitrogen 
removed by the purification and concentration 
method employed in this work, the mg. N/ml. of a 
given parent toxoid is multiplied by the number of 
milliliters used in an experiment. This result is the 
total amount of nitrogen present. The mg. N/ml. 
found for a given concentrated toxoid is multiplied 
by the volume of concentrate recovered. This re- 
sult is the total amount of nitrogen present in the 
concentrated toxoid. Dividing the second value by 
the first value and multiplying by 100 yields the 
percentage of nitrogen remaining in the concentrated 
toxoid. Subtracting this result from 100 gives the 
percentage of nitrogen removed. The volume of 
crude bacterial filtrate used was either 800 or 400 ml. 
The volume of concentrated toxoid recovered ranged 
from 7 to 13.5 ml. These data are given in Table II. 


DISCUSSION 


An examination of Table I indicates that any of 
the variations of washing the precipitated toxoid, 
dissolving the precipitated toxoid and reprecipitat- 
ing it, or originally diluting the crude toxoid with 
distilled water before precipitation serves to in- 
crease the purification factor. 

On the other hand, each additional step adds 
additional labor and, by reference to the article cited 


Volume Total N in 
Sample Parent Toxoid, Parent Toxoid, 
No. Mi. Mg. 
T301 800 2272 
T302 800 2272 
T303 800 2272 
T304 800 2272 
T305 400 1136 
T306 800 2272 
T307 400 1136 
T2l11 800 2094 
T212 800 2094 
T271 800 2118 


T272 800 2118 


Volume Total N in 
Purified Toxoid, Purified Toxoid, N Removed, 

MI. Mg. % 

12.0 21.0 99.08 
12.5 21.3 99.06 
11.5 11.1 99.51 
12.5 12.4 99.45 
7.0 10.9 99.04 
13.0 24.8 98.91 
8.5 8.3 99.27 
12.5 21.3 99.00 
12.5 21.3 99.00 
12.0 20.5 99.03 
13.5 24.5 98.84 
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previously, it can be seen that each additional step 
reduces the percentage of recovery of toxoid. Thus 
for samples T303, T304, and T307, the recovery of 
toxoid was only 83-96% whereas in the tests in 
which these variations were not employed, a re- 
covery of 100% of toxoid from the crude parent 
toxoid T30 was obtained. 

In Table I, sample T306 (purification factor 120) 
appears to have been purified to a slightly better 
degree than sample T307 (purification factor 117). 
In Table II, however, it appears that only 98.91% of 
the total nitrogen of sample T306 was removed as 
compared with 99.27% for sample T307. This dis- 


The trichloroacetic acid method for the con- 
centration of tetanus toxoid also serves to purify 
it. Data are presented to show that purification 
factors for this simple method are obtained which 
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crepancy is due to the result, which we checked 
several times but which we cannot explain, that our 
total Lf. recovered for T306 was greater than 100%. 
If the value of 2000 Lf./ml. is used, representing 
100% recovery, the calculated purification factor 
for sample T306 becomes 105. This corresponds with 
results obtained for nitrogen removed (Table II). 

In comparison with other work in this field 
notably that of Pillemer (5), it can be seen that this 
method compares favorably for over 99% of the 
nitrogen is customarily removed and purification 
factors principally over 100 (and as high as 197) 
with one precipitation are obtained. 


range from 82 to 197 and that over 99% of the 
nitrogeneous material present in the crude bac- 
terial filtrate can be removed without significant 
loss of antigenic material. 
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Vegetable Drugs’ 


By NORMAN A. HULME and ARTHUR OSOLt 


The moisture content of digitalis and other crude drugs was determined by a titri- 
metric procedure employing Karl Fischer reagent. Residual titration was found 


to be necessary, the excess of the reagent being titrated with a methanol solution 


of water. A polarized 


platinum electrode system served to indicate the end point 


of the titration. The results obtained compared favorably with the standard oven- 
drying and toluene-distillation methods. Considerable time is saved by this method 


I 1935 Karl Fischer (1) described a method for 

determining water based on titration with a 
methanol solution of iodine, sulfur dioxide, and 
pyridine, whereby the iodine is reduced to an 
iodide with discharge of the characteristic color 
of iodine in the solution. The mechanism of the 
reaction of water with the reagent has been in- 
vestigated by Smith, Bryant, and Mitchell (2, 3); 
the two-step fundamental reaction which ap- 
parently establishes a reacting ratio of one mole 
of water to one mole of iodine is complicated by 
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of determining moisture in vegetable drugs. 


parasitic side reactions. Moreover, Karl Fischer 
reagent is not very stable. By frequent stand- 
ardization of the reagent against a standard solu 
tion of water in methanol, however, the data re- 
quired for determination of water in a sample 
taken for analysis are readily obtained. 

The Fischer method has been applied to the 
determination of moisture in many different kinds 
of substances, including relatively pure inor- 
ganic and organic chemicals, petroleum products, 
plastics, paints, varnishes, foodstuffs, and anti- 
biotics. The U. S. P. XIV will recognize the 
method for the determination of moisture in such 
substances as liquid glucose, ethylmorphine 
hydrochloride, benzalkonium chloride, precipi- 
tated sulfur, and pentobarbital sodium, 


\ 
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This paper reports the results of the deter- 
mination of moisture in crude drugs, of which 
digitalis, ipecac, and veratrum viride were selected 
for study. 


EXPERIMENTAL 


The Fischer titration of moisture may be per- 
formed as a direct or as a back-titration method, 
depending on the accessibility of the moisture in the 
sample. If the end point may be determined 
visually, the direct titration is performed by adding 
just enough reagent to impart to the liquid being 
titrated the characteristic dark brown color of the 
iodine; some practice is required before the end- 
point color change may be detected readily, for the 
spent reagent has a chromate-yellow color. In 
the back-titration method the excess of Fischer 
reagent is titrated with a standard solution of 
water in methanol to the point of disappearance of 
the dark brown color in the chromate-yellow solu- 
tion. Neither of the colorimetric procedures was 
found practicable for the titration of moisture in 
crude drugs. When the end point was observed 
potentiometrically, however, the back-titration 
method gave consistent and reproducible results 

Apparatus.—The titration assembly consisted 
of a pair of 25-cc. automatic-leveling burettes at- 
tached to reservoirs, the burettes having long tips 
bent at an angle to permit insertion into a titration 
cell fitted with a plastic screw cap through which 
two platinum electrodes could be inserted into the 
mixture being titrated. A model H-2 Beckman 
pH Meter, fitted with a polarizing adapter, served 
to indicate the voltage change at the end point. 
A magnetic stirring apparatus was employed for 
continuous agitation of the mixture during the 
course of the titration. In the method of back- 
titration employed in this study, an excess of Fischer 
reagent produced a deflection to zero (the right- 
hand end of the scale); when the excess of reagent 
had been titrated with the methanol solution of 
water, the increase in voltage developed at the end 
point caused the needle to be deflected sharply and 
permanently to the left. 

Reagents.—The Karl Fischer reagent was pre- 
pared by dissolving 84.7 Gm. (0.33 mole) of re- 
sublimed U. S. P. iodine in 670 cc. of reagent grade 
absolute methanol and adding to this solution 
slowly, and while cooling it, a solution of 64 Gm. 
(1 mole) of liquid sulfur dioxide in 270 cc. of pyri- 
dine. 

The methanol solution of water, used for stand- 
ardizing the Fischer reagent as well as for titrating 
the excess of the reagent, was prepared by diluting 
approximately 4 Gm. of distilled water, accurately 
weighed, to 1,000 cc. with reagent methanol. By 
titrating measured volumes of the methanol solution 
of water, and also of the methanol by itself, with 
the Fischer reagent, the total amount of water in the 
standard methanol solution and the water equiva- 
lent of 1 cc. of Fischer reagent were readily calcu- 
lated. 

Method.—The titration cell and magnetic stirring 
bar were thoroughly rinsed with Karl Fischer rea- 
gent to remove surface moisture. An amount of 
reagent methanol sufficient to cover the electrodes 
(10 cc.) was added, followed by approximately 
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5 ce. of Fischer reagent. After several minutes 
of stirring, during which time not only the moisture 
in the methanol interacted with the reagent but the 
moisture in the atmosphere of the titration cell as 
well, the excess of reagent was titrated with the 
methanol solution of water About 250 mg. of 
finely powdered drug (about 60 mesh), accurately 
weighed, was quickly transferred to the cell, 10 cc. 
of Fischer reagent was added, and the mixture 
was stirred for ten minutes to permit interaction of 
the reagent with moisture in the drug, after which 
the excess of reagent was titrated with the methanol 
solution of water. From the known volume rela- 
tionship of the two solutions, determined each day 
that moisture determinations were performed be- 
cause of the relative instability of the Fischer rea- 
gent, the amount of moisture in the drug was calcu- 
lated. Table I shows the results obtained by this 
method, also the results of the determination of 
moisture by the oven-drying and toluene-distillation 
methods described in the United States Pharma- 


I.—Motsture DETERMINATIONS 


Fischer Toluene 
Titration Distillation, »ven-Drying, 
Digitalis 
4.34 4.95 4.95 
4.89 4.87 4.93 
4.81 5.02 4.99 
5.06 4.98 
4.82 4.98 
4.70 5.01 
Ipecac 
8.85 8.85 8.86 
8.53 eee 8.95 
Veratrum Viride 
6.47 6.70 6.48 
6.27 6.54 


An inspection of the table indicates that the 
Fischer titration method yields results which com- 
pare favorably with those of the two other methods. 

In the determinations with ipecac it was observed 
that the coarse to moderately coarse powder first 
employed yielded low results by the Fischer titra- 
tion method; when the drug was ground to pass a 
60-mesh sieve the results checked those obtained 
by the other methods. 


SUMMARY 


The Karl Fischer method for determination of 
moisture, utilizing the back-titration technique 
with potentiometric observation of the end point, 
has been successfully applied to the crude drugs 
digitalis, ipecac, and veratrum viride. The re- 
sults compare favorably with those obtained by 
oven-drying and toluene-distillation methods. 
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The results of a study on the determination 
of aspirin, phenacetin, caffeine, and Thenylene 
Hydrochloride are reported. An infrared 
method for aspirin, phenacetin, and caffeine, 
and a colorimetric method for Thenylene 
Hydrochloride are described. Included is a 
discussion of the work leading to the success- 
ul separation of Thenylene Hydrochloride 
from the mixture, which is a necessary pre- 
liminary to the infrared analysis. 


T= determination of the four components of 
a mixture of aspirin, phenacetin, caffeine, 
and Thenylene Hydrochloride presents a some- 
what different problem than the determination of 
aspirin, phenacetin, and caffeine in tablets and 
capsules (1). A simultaneous infrared determina- 
tion for the four components was considered, as 
all are soluble in chloroform. However, no ab- 
sorption band strong enough to give a sensitive 
determination for Thenylene Hydrochloride was 
available for this combination. It was necessary, 
therefore, to devise a method for the separation 
of Thenylene Hydrochloride from aspirin, phen- 
acetin, and caffeine as well as a quantitative 
method for Thenylene Hydrochloride. 
For reference purposes, the infrared spectrum 
of Thenylene Hydrochloride is shown in Fig. 1. 


Determination of Aspirin, Phenacetin, Caffeine, and 
Thenylene Hydrochloride* 


By WILLIAM H. WASHBURN and ELMER O. KRUEGERT 


EXPERIMENTAL 


Investigation.—It was found that 
Thenylene Hydrochloride was quantitatively sep- 
arated by precipitation with an excess of ammonium 
reineckate. This fact was proved by repeated 
analyses of the precipitated Thenylene reineckate. 
Upon subsequent extraction with chloroform, how- 
ever, recovery of aspirin averaged between 85-90%. 
It was shown then that this excess ammonium rei- 
neckate formed, in addition to Thenylene reineckate 
complex, a combination of Thenylene reineckate 
and aspirin which is insoluble in chloroform. This 
accounted for the 10-15% deficiency of total aspirin 
recovered in the chloroform extract. 

The low recovery of aspirin is probably due to the 
fact that Thenylene contains three basic nitrogens 
which are not completely neutralized in the forma- 
tion of the reineckate complex. As a result, a por- 
tion of the aspirin is tied up in further salt formation 
with the Thenylene reineckate complex. 

This difficulty was overcome by taking advantage 
of the fact that the di- and tri- hydrochlorides of 
Thenylene are insoluble in chloroform. The mono- 
hydrochloride is freely soluble in chloroform. Ac- 
cordingly, addition of excess dilute hydrochloric 
acid to the aqueous suspension of aspirin, phenacetin, 
caffeine, and Thenylene Hydrochloride converts 
the Thenylene monochloride to the chloroform in- 
soluble di- or tri- hydrochloride. Subsequent ex- 
traction with chloroform removes the aspirin, phen- 
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Fig. 1.—The infrared absorption spectrum of Thenylene Hydrochloride in Nujol suspension. 


* Received April 19, 1950, from the Control Department, 
Abbott Laboratories, North Chicago, Ill 
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acetin, and caffeine which may then be quantita- 
tively determined by infrared analysis. 


Instrument. The infrared work described in this 
paper was done with a Perkin-Elmer Model 12-B 
automatic recording spectrometer, equipped with a 
sodium chloride prism, a glass, and a lithium fluor- 
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Tas_Le I.—ReEsULTS oF ANALYSES ON COMMERCIAL CAPSULES BY THE PROPOSED MgTHOD 


Sample Aspirin, Mg./Cap. Phenacetin, Mg./Cap. Caffeine, Mg./Cap. Thenylene HCl, Mg./Cap 
No. heory Recovered eory Recovered Theory Recovered Theory Recovered 
1 230.0 226.4 150.0 150.0 30.0 33.0 25.0 23.8 
2 230.0 231.0 150.0 142.6 30.0 31.0 25.0 25.4 
3 230.0 222.0 150.0 147.0 30.0 29.4 25.0 24.4 
4 230.0 225.0 150.0 152.4 30.0 30.0 25.0 25.5 


ide shutter and a slit drive. Wave-length calibra- 
tion was determined by use of water vapor and car- 
bon dioxide. Two fixed cell holders, as supplied 
by the Perkin-Elmer Corporation, were fitted with 
polyethylene spacers. The cells were approximately 
0.5 mm. thick. No effort was made to match the 
cells perfectly, but the difference in optical density 
between the blank and sample cells was determined 
and checked frequently. 

Method for APC.— Weigh accurately the equiva- 
lent of one capsule and transfer quantitatively to a 
250-cc. separatory funnel. Suspend the powder in 
50 cc. of distilled water. Add 5 cc. of dilute hydro- 
chloric acid, shake vigorously one minute and allow 
to stand for one minute. It was found that 5 cc. 
of dilute hydrochloric acid was sufficient to react 
with the Thenylene, and not great enough to cause 
a measurable amount of hydrolysis of the aspirin 
Extract with six portions of chloroform reagent 
grade (25, 20, 20, 20, 15, 15cc.). Filter the chloro- 
form extracts through a pledget of cotton previously 
saturated with chloroform into a suitable flask. 

Evaporate to dryness on a steam bath with the 
aid of a stream of nitrogen. Dry for two hours in a 
vacuum desiccator, or until the residue is completely 
crystalline. Dissolve in exactly 20 cc. of chloro- 
form. Fill the blank cell with chloroform and ad- 
just the slit for full-scale deflection at 9.27 w. Fill 
the sample cell with solution prepared above and 
observe the optical density. Repeat this procedure 
at 8.99 pand at 10.26 

The concentration of each component is deter- 
mined by graphical interpretation as described in 
a previous paper (1). 

Method for Thenylene Hydrochloride.—Trans- 
fer the equivalent of two capsules to a 100-cc. volu- 
metric flask and make up to volume with 0.1 N 
HCl. Shake to dissolve the Thenylene Hydro- 
chloride. Filter. To 10 cc. of the clear filtrate, 
add 5 cc. of a freshly prepared ammonium reineckate 
solution, mix thoroughly, and allow to stand for 
ten minutes. The ammonium reineckate solution is 
prepared by adding 3 Gm. of ammonium reineckate 
to 100 cc. of distilled water, stirring for fifteen min- 
utes and filtering. 


Collect the precipitate in a Gooch crucible, wash 
it with 5-cc. portions of ice-cold distilled water until 
the filtrate is colorless. Draw air through the 
crucible until the precipitate is dry. Wash the pre- 
cipitate of Thenylene reineckate through the Gooch 
crucible with several 5-cc. portions of an equal mix- 
ture of acetone and alcohol, using suction and col- 
lecting the liquid in a test tube that has been placed 
over the stem of the funnel in the suction flask. 
Transfer the filtrate to a 50-cc. volumetric flask and 
add sufficient acetone-alcohol, rinsing the test tube, 
to make the solution measure 50 cc., and mix thor- 
oughly. 

Compare the color of this solution in a photo- 
electric colorimeter or in a spectrophotometer at 
425 my with a standard curve established with at 
least six levels of Thenylene Hydrochloride, ranging 
from 2 to 7 mg., carried through the same procedure 
as outlined above. 


SUMMARY AND CONCLUSIONS 


1. A method has been developed for the de- 
termination of aspirin, phenacetin, caffeine, and 
Thenylene Hydrochloride in a mixture. 

2. A method is presented for the separation 
of Thenylene Hydrochloride from such a mix- 
ture, based on the formation of its chloroform- 
insoluble hydrochlorides. 

3. The complete determination is run in two 
operations—aspirin, phenacetin, and caffeine by 
infrared, and Thenylene Hydrochloride colori- 
metrically. 

4. The manipulations are simple and rapid to 
perform. 

5. Reproducibility is in range of +2 per cent. 
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Reduction of Triterpene Acids with Lithium 
Aluminum Hydride* 


By BETTY Y. T. WU} and LLOYD M. PARKS 


The use of lithium aluminum hydride for the direct reduction of triterpene hydroxy 
acids, namely ursolic, oleanolic and betulic acids, to the correspondin 
solic diol (uvaol), erythrodiol and betulin, has been shown to be a 


diols, ur- 
ecided im- 


provement over previously used methods for the reduction of these compounds in 
that it involves fewer steps and time, gives better yields and provides products which 


HE triterpene compounds are widely dis- 
tributed non-nitrogenous plant principles, 
containing approximately thirty carbon atoms, 
whose carbon skeleton is believed to be divisibie 
into isopentane units (isoprene hypothesis). 
They occur either in the free state or combined 
with sugars. The glycosides constitute one 
group of saponins and the aglycons are referred 
to as triterpenoid sapogenins or simply as tri- 
terpenes. With the exception of the acyclic 
hydrocarbon, squalene, the triterpenes are poly- 
cyclic compounds; the majority of those which 
are known up to the present time have been 
classified into three groups, namely, the 8-amyrin 
group, the a-amyrin group, and the lupeol group, 
all of which are pentacyclic (1). 

Much of our present knowledge of the struc- 
ture of the triterpenes is due to the excellent work 
of Ruzicka and his co-workers. Among the 
pentacyclic triterpenes they have shown that 
one or more functional groups are attached to the 
carbon skeleton, giving rise to such type com- 
pounds as alcohols, diols, hydroxy acids, dihy- 
droxy acids, hydroxy aldehyde acids, dihydroxy 
aldehydes, hydroxy keto acids, etc. By chemical 
interconversions among the individual compounds 
they have contributed greatly to the elucidation 
of the structural relationships which exist in these 
natural principles (1). These interconversions 
have been accomplished in great part by applica- 
tion of the method developed by Ruzicka, by 
which carboxylic acid members of the group are 
reduced to the corresponding aldehyde by Rosen- 
mund reduction of the acid chloride, and the 
aldehyde group subsequently reduced to a methy] 
group and/or a hydroxy methyl group by the 
Wolff-Kishner method. Thus, Ruzicka and 
Schellenberg (2) reduced the hydroxy acid, 
oleanolic acid, to a mixture of the alcohol, 2- 
amyrin, and the diol, erythrodiol. Goodson 
(3) using the same procedure, reduced ursolic 


* Received March 9. 1950. from the School of Pharmacy, 
University of Wiseonsin, Madison 

t Recipient of a scholarship from the National Catholic 
onference of China, 1948-1949. 
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are more easily purified. 


acid to the alcohol, a-amyrin, and Ruzicka and 
Brenner (4) converted the diol, betulin, by oxi- 
dation to its aldehyde and Wolff-Kishner reduc- 
tion of the latter, to the alcohol, lupeol. 

Other methods of reduction of the carboxyl 
group have been applied to the triterpene acids. 
Orr, et al. (5), reduced methyl ursolate, by means 
of sodium and absolute alcohol, to the corre- 
sponding diol; they also hydrogenated methyl 
oleanolate, using copper chromite at 300 atmos- 
pheres and 260°, toerythrodiol. Prelog, Norym- 
berski and Jeger (6) converted oleanolic acid, by 
reduction of its thiomethyl ester with Raney 
nickel, to erythrodiol. 

All of the previously used methods for reduc- 
tion of the triterpene acids to the corresponding 
hydroxy compounds are accompanied by the dis- 
advantages of long, tedious procedures, low yields, 
and difficulty in separation and purification of 
intermediates and final reaction products. The 
recent reports of the versatility of lithium alumi- 
num hydride as a reducing agent for organic 
compounds by Brown and co-workers (7) ap- 
peared to offer a new and better method for re- 
duction of the carboxyl group in the triterpenes. 
This method was applied to the reduction of some 
representative compounds which were at hand 
or easily obtained. Reduction of oleanolic acid 
by this reagent is represented as follows: 


+ 


Oleanolic Acid 
LiAlO, + + LiAl 


—CH,O—/; 
QLiAl (Cale ), + 


\—CH,0 
LiSO, + Al(SO.)s + 
Erythrodiol 


By use of this procedure ursolic acid, methyl 
ursolate, oleanolic acid, and betulic acid were 
reduced to their corresponding diols in yields 
that approached quantitative. The use of tetra- 
hydrofuran as a solvent for the triterpene acids 
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Tasie |.—RepvuctTion Propucts OF SoME TRITERPENE ACIDS 


Amount Used LiAIH, Used Time, 


After one crystallization 


Taste II. 


+ No attempt was made to increase the yields by working up the mother liquids. 


IDENTIFICATION OF THE REDUCTION PRODUCTS OF SOME TRITERPENE ACIDS 


Yield 
Reflux (Crude)* Yield (Pure) > 
Acid Gm Mole Gm. Mole Hr. Product Gm. % Gm. % 
Ursolic 1.39 0.0030 0.78 0.020 10 Ursolic diol (Uvaol) 1.12 83 0.82 60 
Ursolic 1.14 0.0025 0.78 0.020 20 Ursolic diol (Uvaol) 1.06 96 0.80 72 
Methyl! ursolate 1.50 0.0032 1.00 0.026 20 Ursolic diol (Uvaol) 1.34 95 1.20 86 
Oleanolic 1.14 0.0025 0.78 0.020 20 Erythrodiol 1.04 95 0.95 86 
Oleanolic 2.28 0.0050 3.00 0.080 20 Erythrodiol 2.17 98 1.70 77 
Betulic 1.14 0.0025 2.00 0.053 20 0.94 85 0.75 68 


Betulin 


Diacetate 


Product M. p.* Mixed M. p la] po M. p. Mixed M. p 
Ursolic diol (uvacl) 227-229° 221.5-225° +68.46 (CHCI,, 24°) 150.5-152.5° 151.5-153° 
Erythrodiol 185-185.5° 184-186 


Betulin 251-252 °/ 


Melting points are uncorrected 


232.5-234° 228.5-233°4 +74.02° (CHCl, 20°) 
all +19.98° (pyridine, 15°)/ 216-217 °/ 


With the diol obtained by reduction of methyl ursolate with sodium and alcohol (5) 


With erythrodiol obtained by catalytic hydrogenation of oleanolic acid (5). 


a 
h 
© With the acetate of the diol isolated from Uva ursi (5). 
d 


With erythrodiol diacetate (5) i 
/ Literature reports (10) are m.p., 251°; 


overcame the initial difficulty encountered in the 
insolubility of these compounds in ether. In 
each case the identity of the reduction product 
was established by mixed melting point tests 
with authentic samples, where available, and by 
comparison of the physical constants of the 
product and its derivatives with those found in 
the literature. 


EXPERIMENTAL 


Materials Used —U’rsolic Acid, from a sample at 
hand, m.p. 282.5° to 283°, which had been obtained 
from apple pomace and supplied through the gen- 
erosity of Dr. R. E. Kremers of the Research Lab- 
oratories of the General Foods Corporation. Methyl 
ursolate was prepared by the method of Orr, et al. 
to) 

Oleanolic Acid.——From a sample at hand, m. p. 
307° to 308°, which had been isolated from cloves 
by the method of Dodge (8). 

Betulic Acid.—-Isolated from the bark of Cornus 
Florida, L., by the method of Robertson, Soliman 
and Owen (9). M. p. 316.5° to 318 

Procedure.--A_ typical experimental run was 
carried out as follows: A solution of lithium alumi- 
num hydride in 250 cc. of anhydrous ether was 
placed in a 1000-cc. three-necked flask equipped with 
reflux condenser, dropping funnel and mercury- 
sealed mechanical stirrer, and protected from 
moisture by calcium chloride tubes attached to the 
openings. Through the dropping funnel a solution 
of the acid in 50 ce. of dry tetrahydrofuran was 
introduced at a rate to produce gentle reflux. After 
addition of this solution the mixture was refluxed 
for ten to twenty hours with continuous stirring 
The excess LiAIH, was then decomposed by addi- 
tion of 50 ce. of water. To this mixture was added 


= +19.26° (pyridine); diacetate m. p., 216-217°. 


100 ce. of 10% sulfuric acid, giving clear solutions 
in both ether and aqueous layers. After separation 
of the ether layer, the aqueous layer was extracted 
with three additional 50-cc. portions of ether; the 
ether washings were combined and washed with 
three 10-cc. portions of 5% aqueous sodium hydrox- 
ide to remove unreacted acid as the precipitated 
sodium salt; which was removed by filtration. The 
ether solution of the reduction product was then 
concentrated to a small volume to yield the crude 
reduction product, which was recrystallized from 
alcohol-acetone (3:1) or isopropyl alcohol. 

Results.— Details are summarized in Tables I and 
Il. 


SUMMARY 


Some representative triterpene hydroxy acids, 
namely, ursolic, oleanolic and betulic acids, as 
well as methyl ursolate, have been reduced to the 
corresponding diols, namely, ursolic diol (uvaol), 
erythrodiol and betulin, in yields approaching 
quantitative, by the use of lithium aluminum 
hydride. 
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Comparative Methods of Drying and Assay of 


Datura stramonium Linne* 


By MELVIN RUBIN{ and LOYD E. HARRIS 


Datura stramonium Linne was grown in the drug goocen of the College of Pharmacy 


at The Ohio State University, 


lumbus, Ohio. 


amples of the leaves were dried at 


room temperature, at 40° in an oven, and under high vacuum, low temperature 
(lyophilization). The alkaloid content was determined in each by use of the U. S. P., 


hydrolytic, and chromatographic adsorption procedures. 


The lyophilized sample 


had a more elegant appearance than the other samples but the alkaloid content 


of the three were essentially the same. 


The hydrolytic and chromatographic 


methods of assay are claimed by the Authors to be superior to the U. S. P. method. 


TT medicinal value of Datura stramonium is 

attributed to the alkaloids that are present. 
The alkaloid content is made the principal basis 
for the standardization of the drug and its prep- 
arations in the United States Pharmacopeia and 
the National Formulary. There is little definite 
information in the literature concerning the rela- 
tionship of the methods of drying to the alkaloidal 
content of the drug. Since the alkaloids are 
esters and are known to be subject to hydrolysis, 
it might be assumed that various methods of 
drving could have some effect on the alkaloids. 
Samples of stramonium leaves were collected 
from the drug garden and dried by three methods 
as follows: 


(a) Air dried. 
(b) Oven at 40°. 
(c) High vacuum, low temperature. 


The official assay, being volumetric in which 
0.02 N sulfuric acid is used, will determine all 
bases that are present at the time of titration. 
This factor, however small, may be significant 
since the minimum alkaloid content in U. S. P. 
stramonium is 0.25 per cent. Reimers (1) sug- 
gested a method whereby such nonalkaloidal 
bases were excluded. His method consisted of 
the complete hydrolysis of the alkaloids and final 
titration of the tropic acid. 

A chromatographic-titrimetric method has 
been suggested for the assay of solonaceous drugs 
by Brown, Kirch, and Webster (2) as being rapid 
and efficient. The adsorbent selected for our use 
was Fisher Adsorption Alumina, 80-200 mesh. 

The three methods of assay were used for each 
of the samples obtained by the three methods of 
drying and the results are presented. 

* Received March 3, 1950, from The Ohio State Univer 
sity, College of Pharmacy, Columbus. 

Presented to the Scientific Section, A. Pu 
City meeting, May, 1950 

+ Fellow, American Foundation for Pharmaceutical Edu 


cation, College of Pharmacy, The Ohio State University 
Present address: North Dakota State College 


A., Atlantic 


EXPERIMENTAL 


Seeds of Datura stramonium were obtained from 
S. B. Penick and Company, New York, and planted 
in the drug garden in June. The plants were iden- 
tified as being the official source of stramonium 
leaves. The crop was harvested in August, the 
leaves being cut at the point of appendage to the 
petioles. The leaves were washed with distilled 
water to remove any surface dirt. 

Methods of Drying 

One portion of them was air dried in a room at a 
temperature of approximately 25°. Another por- 
tion was dried at 40° in an oven. The drying period 
of these two methods was extended over a ten-day 
period. A third portion was dried at a pressure of 
about 1 mm. and an original temperature of —20°; 
when the temperature of the sample reached 0°, 
it was considered to be dry. This process required 
four days of continuous operation. The dried por- 
tions were ground to a No. 40 powder in a Wiley drug 
mill. Moisture determinations were then made using 
the U. S. P. toluene method (Table I). 


TasLe I.—Tue Errect or DirreRENT DryInG 
METHODS ON THE MorstuRE CONTENT 


Wt. of Moisture, 


Type of Sample Sample, c. of Moisture, 
Material No. Gm. HO % 
Fresh leaves 1 4.30 3.83 89.07 

2 3.038 2.70 89.10 

3 3.49 3.11 89.06 

Air-dried 1 23.33 2.20 9.43 
2 21.88 2.07 9.46 

3 22.76 2.15 9.45 

Oven-dried 1 25.2! 2.03 8.04 
2 28.29 2.27 8.03 

3 26.40 2.12 8.03 

Lyophilized 1 42.66 2.33 5.46 
2 38.44 2.10 5.46 

2.19 5.45 


3 40.20 


Methods of Assay for Alkaloidal Content 

Samples were taken from each of the portions that 
had been dried by the three different methods and 
each sample was assayed for total alkaloid content 
by (a) the U. S. P. XIII method, (6) the hydrolytic 
method, and (c) the chromatographic procedure. 

Hydrolytic Method.-The procedure used in the 
hydrolytic assay was as follows: 15 Gm. of the 
powdered leaves was shaken in a flask continuously 
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for five minutes and then intermittently for thirty 
minutes with 150 Gm. of peroxide-free ether and 10 
cc. of stronger ammonia solution. The ether extract 
was poured off through a filter and 100 Gm. of it 
(equivalent to 100 Gm. of the sample) was shaken 
successively with 20-, 20-, and 10-cc. portions of ap- 
proximately 0.2 N hydrochloric acid. The com- 
bined acid extracts were filtered and the filter paper 
washed with a little water. Ten cubic centimeters 
of 2 N sodium hydroxide was added to the filtrate and 
the total volume reduced to about 10 cc. by evapora- 
tion in a dish on a water bath. The residue was 
cooled and then transferred to a separatory funnel 
with the aid of 10 cc. of water. A drop of Methyl 
Red T. S. was used and 2 N hydrochloric acid added 
until the solution was acid to the indicator. A 
five-tenths cubic centimeter excess of the 2 N acid 
was then added and the tropic acid extracted with 
four successive 20-cc. portions of a mixture of three 
parts of chloroform and one part of isopropyl alco- 
hol. The chloroformic extract was filtered through 
a small pledget of cotton that was covered with 
anhydrous sodium sulfate and then evaporated to 
dryness on a water bath. The residue was dis- 
solved in warm water, then cooled and titrated with 
0.1 N sodium hydroxide, using phenolphthalein as 
the indicator. The percentage of alkaloids was then 
calculated based upon the equivalent of 28.935 
mg. total alkaloids per cc. of 0.1 N sodium hydroxide 


Tasie I1.—Comparison or ALKALOIDS 
TAINED BY DIFFERENT ASSAY PROCEDURES 


Alkaloids Obtained by Different Assay 
Methods, ™ 


Method of U.S. P Chromato- 
Drying XIII Hydrolytic graphic 
Air-dried 0.369 0.420 0.430 
0. 366 0.417 0.427 
0.365 0.414 0.425 
0.370 0.423 0.431 
Oven-dried 0.349 0.402 0.410 
0.354 0.411 0.412 
0.356 0.414 0.412 
0.354 0.411 0.411 


Chromatographic Method.—Ten grams of the 
powdered sample was placed in an extraction thim- 
ble, moistened with a mixture of 10 cc. of stronger 
ammonia solution and 20 cc. of ether, and allowed to 
macerate for one hour. The sample was then ex- 
tracted with ether using a Soxhlet. The ether ex- 
tract was adjusted to 100 cc 

A column was prepared by fitting some glass wool 
into the bottom of a glass tube, 300 mm. in height 
and 15 mm. in diameter, and packing it with 80- 
200-mesh Fisher Adsorption Alumina. A ten-cubic 
centimeter aliquot from the 100-cc. extract above 
was transferred to the adsorption column. The ad- 
sorbed alkaloids were eluted with alcohol. The 
first eluate was yellow in color and consisted princi- 
pally of an ether-alcohol solution of carotenes. The 
appearance of the alkaloids coincided with the elu- 
tion of chlorophylls from the column so that the 
receiver was changed and the green-colored eluate 
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Tasie III.—-Comparative ALKALOIDAL Assays, 
Ustinc Hyprotytic Metuop, to SHow EFrects oF 
DRYING BY DIFFERENT METHODS 


Alkaloids, % 
Converted 
Type of Sample In to 
Material*® No. Sample Dry Wt. 
Air-dried 1 0.399 
2 0.393 
3 0.393 
Av. 0.395 0.436 
Oven-dried 1 0.393 
3 0.396 
3 0.393 
Av. 0.394 0.428 
Lyophilized 0.399 
2 0.399 
3 0.402 
Av. 0.400 0.436 


* Different material was used here than in Table II. 


was collected. From 25 to 40 cc. of alcohol was re- 
quired to complete the elution, the eluate being 
tested by the standard Valser test for complete de- 
sorption of the alkaloids. 

After elution was complete, the solution was evap- 
orated to dryness on a water bath and then heated 
for an additional fifteen minutes. The residue, after 
cooling, was dissolved in 20 cc. of ether and then 15 
ce. of 0.02 N sulfuric acid was added. The ether 
was removed by evaporation and the excess acid 
determined with 0.02 N sodium hydroxide, using 
methyl red as the indicator. Each cc. of the 0.02 N 
acid was equivalent to 5.787 mg. of the alkaloids. 


SUMMARY AND CONCLUSIONS 


Drying of fresh leaves from Datura stramonium 
by a high vacuum-low temperature process pro- 
duces a product that has a bright green appear- 
ance as contrasted with the brown that shows 
up, especially in the oven-dried samples. The 
moisture content was reduced by lyophilizing 
to 5.46 per cent as compared to 9.45 per cent for 
the air-dried leaves and 9.03 per cent for the oven- 
dried samples. 

The U. S. P. XIII assay procedure was com- 
pared with a hydrolytic and a chromatographic 
method of assay. The hydrolytic assay was 
found to give slightly higher results and it also 
required much less time. 

There was no detectable difference in alkaloid 
content, when calculated to a dry-weight basis, 
in the samples that were obtained by three differ- 
ent methods of drying. 
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- THE preparation of carboxyl-labeled salicylic 
acid the radioactive carbon dioxide is the limit- 
ing reagent. Therefore it was necessary to deter- 
mine optimum conditions for a small-scale reaction 
resulting in a minimum loss of radioactive mate- 
rial. 

In the reaction, as first worked out by Kolbe (1), 
sodium phenolate was subjected to a slow stream of 
carbon dioxide while the temperature was gradually 
raised from 100° to 250°. The formation of large 
amounts of phenol as by-product was avoided by 
the Schmitt modification (2). By reacting the so- 
dium phenolate with an excess of solid carbon diox- 
ide in a metal bomb at several atmospheres pressure 
and heating at 120° to 130° for several hours, an 
almost quantitative yield of salicylic acid was re- 
ported 


METHOD 


Dry sodium phenolate was prepared by the action 
of 2 Gm. (0.86 mole) of sodium in 30 cc. of absolute 
ethanol on 8 Gm. (0.85 mole) of distilled phenol. The 
solution was refluxed for thirty minutes and the al- 
cohol distilled off. The white residue was further 
dried in a vacuum desiccator. After twenty-four 
hours it was pulverized in a mortar and then stored 
in a vacuum desiccator until used. 

The carbon dioxide was prepared in a reaction 
train consisting of a side-arm Erlenmeyer flask to 
which was attached, by means of a rubber stopper, 
a dropping funnel and a source of oil-pumped nitro- 
gen. The side-arm was attached to a Drierite tube 
followed by a spiral glass trap which led into a heavy- 
walled glass pressure flask, and the latter connected 
toa vacuum pump. 

Two grams (0.010 mole) of barium carbonate, 
containing 0.5 millicurie of the radioactive material 
was placed in the Erlenmeyer flask. The pressure 
flask was filled with glass beads to half volume to in- 
crease the surface area in the reaction vessel and to 
facilitate complete mixing and interaction. An 
excess of dry sodium phenolate, 2.5 Gm. (0.022 mole), 
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A Note on the Synthesis of C'-Carboxyl-Labeled Salicylic Acid*t 
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was then introduced rapidly, and the reaction train 
was alternately evacuated and swept with dry nitro- 
gen to remove moisture. 

The system was evacuated to 600 mm. Hg, and 
30 ce. of concentrated sulfuric acid was slowly added 
from the dropping funnel to the barium carbonate. 
To remove traces of water, the liberated carbon di- 
oxide was led through the drying tube into the spiral 
trap previously cooled to —30° by an acetone-dry- 
ice-bath. It was then passed into the pressure flask 
immersed in a liquid nitrogen bath in order to con- 
dense the carbon dioxide. The sulfuric acid-barium 
carbonate mixture was heated until all material had 
gone into solution, and the system was swept through 
with a stream of nitrogen to effect complete reac- 
tion. 

The pressure flask was then rapidly removed from 
the system and was sealed off. While warming up 
to room temperature it was placed on a shaking ma- 
chine, and for the next forty hours it was heated in a 
sand bath at 140° with an occasional shaking. The 
contents, light tan in color, were taken up in 100 cc. 
of distilled water, filtered, and the prepared salicylic 
acid precipitated with an excess of concentrated 
hydrochloric acid. The tan materiel weighed 830 
mg. For an additional yield the filtrate was ex- 
tracted with ethylene dichloride. Subsequently the 
ethylene dichloride phase was shaken with a satu- 
rated solution of sodium carbonate to neutralize the 
remaining salicylic acid and to separate it from the 
unreacted phenol. The salicylic acid was precipi- 
tated from the sodium carbonate solution by acidi- 
fication with concentrated hydrochloric acid. 

A small amount of the crude product was purified 
with Norite and crystallized from water. Fine white 
needies were obtained, m. p. 157-158°, which 
melted undepressed with salicylic acid, and whose 
ultraviolet absorption spectrum coincided with that 
of salicylic acid. Total yield, 0.94 Gm. (68%). 

The remainder of the radioactive material was 
jointly purified with 20 Gm. of salicylic acid in order 
to reduce the loss of radioactive material during puri- 
fication. The salicylic acid will be used for biologi- 
cal investigations to be published elsewhere. 
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and Bandelin (1) have recently 
described a gravimetric method for the esti- 
mation of choline as the reineckate. We can con- 
firm the general utility of the method, having used 
a similar technique for some six years. The chief 
purpose of this note, however, is to add an observa- 
tion which may be of general interest. 

Folic acid-containing liver fractions appear to 
contain a basic substance which precipitates with 
ammonium reineckate under the conditions of the 
choline assay, yielding a falsely high result. In- 
asmuch as some pharmaceutical preparations com- 
bine choline with liver fractions, this matter is quite 
pertinent 
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pre po (1) in his early work on the nat- 
ural coloring materials of plants and flowers 
found that distinctive color reactions resulted when 
the pigments were reduced in alcoholic solution with 
hydrochloric acid and magnesium. It was later 
established that this color reaction was due to the 
presence of a y-benzopyrone nucleus. The exact 
composition of the colored compound has still not 
been established. However, the test is a very useful 
one to anyone working with plant pigments. 

In studying the class of compounds referred to as 
“vitamin P,"’ or better, ‘‘bioflavonoids,’’' one of 
the first color reactions to be used by Szent-Gyérgyi 
(2) was this so-called “‘cyanidin”’ reaction. 

The colored compounds, which range in color from 
orange to purple, are formed with both the glycoside 
and the aglucone. In purification and isolation of 
these bioflavonoids it is often of interest to know if 
the compound at hand is the glycoside or the aglu- 
cone, or, if one is hydrolyzing the glycoside to the 
aglucone to know when the process is complete. 
It has been found that if the colored reaction solu- 
tion is diluted and shaken with octyl alcohol the 
color will dissolve in the octyl alcohol, if the com- 
pound tested is the aglucone. 


* Received June 13, 1950, from California Fruit Growers 
Exchange. Research Department, Corona, Calif. 

' Dr. Bernard L. Oser suggested the term ‘‘bioflavonoids” 
meaning biologically-active flavonoids. Etymologically 
taflavonoids’’ would be more nearly correct. It is difficult 
to actually prove the vitamin character of any of the flavo- 
noids, though it is well known that certain of them are thera- 
peutically and nutritionally useful, hence the proposal to 
call them ‘‘hoflavonoids”’ rather than “vitamin P. 


A Note on the Determination of Choline in the Presence of 
Liver Fractions* 
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A Note on the Differentiation between Flavonoid Glycosides 
Aglucones* 
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Fortunately, this “‘liver’’ reineckate is very in- 


soluble in acetone. Since, as is well known, choline 
reineckate is easily soluble in acetone, an easy an- 
alytical separation can be made. Thus, in assaying 
choline preparations which may contain liver ex- 
tracts, it is our custom to proceed as follows: after 
drying and weighing the total reineckate precipi- 
tate, the crucible contents are washed thoroughly 
with several portions of acetone, using about 50 ml 
in all. The crucible is then dried on the vacuum 
line for about five minutes, wiped, and weighed. 
This second weight is deducted from that obtained 
before the acetone washing, and the net weight is 
used for the calculations as given by Pankratz and 
Bandelin. 
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Other solvents besides octyl alcohol, such as amyl 
alcohol, butyl alcohol, amyl acetate, and ethyl ace- 
tate will show this separation to a certain extent, 


but are not as satisfactory. The separation is either 
incomplete or they are too soluble in the aqueous 
layer. Some solvents dissolve the colored mate- 
rial from both the aglucone and the glycoside. 

The test is made by dissolving about 0.1 Gm. of the 
flavonoid material in a test tube in 10 ml. of 50 per 
cent ethyl alcohol and 2 ml. of concentrated hydro- 
chloric acid. About 10 cm. of magnesium ribbon 
(3 mm. wide) rolled into a small roll are added and 
the reduction allowed to go to completion with con- 
stant shaking of the test tube. The colored solu- 
tion is then cooled and diluted with an equal volume 
of water (this is to lower the alcohol content to re- 
duce the solubility of the octyl alcohol) and 3 ml. of 
octyl alcohol are added. The contents of the test 
tube are then shaken and the two layers are allowed 
to separate. If the sample tested is a glycoside no 
color will be found in the octyl alcohol layer. If 
the sample is an aglucone the octyl alcohol layer is 
highly colored and the aqueous layer is substan- 
tially colorless. 

By working quantitatively and carrying out the 
reduction under cooling to prevent evaporation of 
solution this procedure can be adapted to a quanti- 
tative colorimetric method. 
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Book Reviews 


Heavy Metal Prosthetic Groups and Enzyme Action. 
By Orro Warsurc (Translated by Alexander 
Lawson). Oxford University Press, New York, 
1949. xii + 230 pp. Illustrated. 14 x 22.3 em. 
Price $3.75. 

This book has many values. It gives a very 
readable historical treatment of the developments in 
the field of biological oxidations, written by one who 
has been a major contributor to the field and who has 
followed closely each new development throughout 
his lifetime. The subject is particularly well suited 
to such treatment, for it seems simpler and more 
easily retained when the historical background is 
known. The author, in relating false theories and 
errors evolved in the past, does not limit his discus- 
sions to recognition of erroneous conclusions but also 
explains the sources of error or misconception. 

The secton on respiratory enzymes gives an excel- 
lent review of the model enzyme systems used to 
prove the part of iron and effects of cyanide in 
respiration, and illustrates the advantages and ap- 
plicability of model systems. This section will be 
particularly stimulating to those presently engaged 
in enzyme research. 

The cytochromes are discussed in some detail and 
the function of iron in catalysis is particularly 
thoroughly treated, tending to be a theme of the 
first half of the book. The haems of various sources 
are reviewed, and phenoloxidases and other enzymes 
with heavy metal prosthetic groups are described. 
Throughout the book the emphasis is on mechanism 
of action. 

This book will be of considerable interest ‘and 
value both to research workers in the field of 
enzymes and to advanced students. 


The Actinomycetes. (Annales Cryptogamici et Phy- 
topathologici, Vol. 9.) By SELMAN A. WAKSMAN. 
The Chronica Botanica Co., Waltham, Mass., 
Stechert-Hafner, Inc., New York City. xviii + 
230 pp. Illustrated. 15x 24cm. Price $5. 
The principal interest of the pharmacist and 

pharmaceutical educator in the actinomycetes is 

threefold. Foremost is the fact that members of 
this group biosynthesize more than 30 different anti- 
biotics, at least three of which (streptomycin, aureo- 
mycin and chloramphenicol) are well established in 
clinical practice. A fourth (terramycin) appears to 
hold great promise for curing several serious infec- 
tious diseases. Second, one of the actinomycetes has 
been found to be a useful source of vitamin By». 

Third, some of the actinomycetes are causal agents 

of important diseases of man and other animals 

(actinomycosis and nocardiosis) and of crop plants 

(various scab diseases). 

Professor Waksman has been a student of the 
actinomycetes for nearly forty years, during which 
time he has made notable contributions, both aca- 
demic and practical, to knowledge of this group of 
microorganisms. From his many years of experience 
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with them he has distilled some of the most salient 
features, condensed them, and integrated them into 
a coherent monograph. The result is his latest 
book, entitled The Actinomycetes. This book is the 
only modern account of the actinomycetes and their 
biology. 

The book contains 12 chapters, the last one being 
called simply “Summary.”” The subject matter 
dealt with in the other eleven may, for convenience, 
be considered under four headings as follows: (1) 
Morphology, Phylogeny and Taxonomy (Chaps. 
I-IV); (2) Metabolism and Biochemistry (Chaps. 
V-VI1); (3) Ecology or the Role of Actinomycetes 
in Nature (Chaps. VIIIl and IX); and Actinomycetes 
as Agents of Disease (Chaps. X and XI). 

There is an appendix also which contains a useful 
list of media especially adapted for cultivation of 
actinomycetes, a lengthy bibliography (522 titles), 
and an index of organisms. 

This book will be of value to research workers and 
teachers who are interested in the nonclinical aspects 
of antibiotics, derived from Streptomyces and other 
related genera. Its value is not limited to this sub- 
ject, however. There is good treatment of the taxon- 
omy, metabolism, and cultivation of these organ- 
isms as well as of their role in nature as nitrogen con- 
verters and soil modifiers 

Part of the value of this book, as of Professor 
Waksman’s earlier volume (Microbial Antagonisms 
and Antibiotic Substances) resides in his emphasis on 
the role of the actinomycetes in nature. The Actin- 
omycetes (or portions of it) could be recommended 
as profitable supplemental reading for classes in 
pharmacognosy, antibiotics, microbiology, and bac- 
teriology.-ROBERTSON PRATT. 


Vegetable Gums and Resins. By F. N. Howes. 
The Chronica Botanica Co., Waltham, Mass.; 
Stechert-Hafner, Inc., New York City, 1949. xx 
+ 188pp. Illustrated. 17.5x26.5cm. Price $5. 
In recent years several authors have developed 

extensive reviews covering various aspects of nat- 

ural gums and resins. In this treatise by Howes 
considerable emphasis is placed upon world dis- 

tribution and botanical sources of the more im- 

portant gums and resins. The book has accord- 

ingly been divided into two major parts to cover each 
plant group; each part is divided into many chapters. 

In addition to the botanical discussions, the au- 
thor has presented several interesting details em- 
bracing methods of collection and processing of 
gums and resins. In the latter case several tributes 
are paid to native gum and resin coliectors and the 
arduous tasks that they perform in preparing these 
crude products for commerce. Often the details be- 
come so specific that the reader finds himself 
weighted down with the facts and figures of com- 
merce in gums and resins, especially those facts per- 
taining to the British trade. On the other hand 
such data for gums, such as acacia and tragacanth 
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and the oleoresin turpentine, is good background in- 
formation for the pharmacist. 

The text does not treat sufficiently the chemical 
constituents of gums and resins or their industrial 
and pharmaceutical applications to be of detailed 
value wherein this information is desired. The 
chapter on medicinal resins is especially weak in this 
respect. Furthermore, the book contains an in- 
sufficient number of up-to-date references which 
would assist in the search for such information. 
Obviously the author has intended the treatise for 
students of economic botany or others who seek in- 
formation on plant distribution and collecting of 
gums and resins. Probably this text could be used 
to best advantage as a botanical supplement to that 
of Mantel or of other authors who deal largely with 
the chemistry and industrial applications of gums 
and resins. —H. W. YOUNGKEN, JR. 


Chemical Activities of Fungi. By Jackson W- 
Foster. Academic Press, Inc., New York, 1949. 
xviii + 648 pp. Illustrated. 15.5 x 23.5 cm. 
This book, intended to serve as an introduction 

to the study of mold metabolism, fills a need of the 

student for a volume which outlines the develop- 
ments of the field and points out future possibilities. 

It also is a good source of background information 

for those interested in antibiotics. 

The book opens with a very readable and informa- 
tive historical treatment, bringing into view the 
trends of modern research. There is a good descrip- 
tion of the general methods used in studying mold 
metabolism, such as methods of culture, preparation 
of cell-free enzymes, and techniques of measuring 
chemical reactions. The chemical nature and bio- 
chemical reactions of mold are presented in some 
detail, theories, mechanisms, and possibilities of 
future applications being brought into the text 
wherever applicable. Some of the more widely 
known products of mold growth, such as fumaric 
and succinic acids, citric acid, kojic acid, and peni- 
cillin, are given rather thorough treatment, espe- 
cially as to mechanism a mabe Commercial 
processes, where used, are described along with some 
of the problems involved in their development. 


Principles of Ionic Organic Reactions. By Evwior 
R. ALEXANDER. John Wiley and Sons, Inc., New 
York, 1950. viii + 318 pp. Illustrated. 15x 24 
em. Price $5.50. 

The task of the reviewer is made pleasant by the 
appearance of such works as this. The author of this 
book has succeeded in presenting the electronic 
theory of organic reactions in the language of the 
organic chemist, but also he has applied the theory to 
reactions most familiar to the organic chemist. 
This book nicely bridges the gap between highly 
theoretical physical organic chemistry and practical 
everyday reactions. It is this difference of ap- 
proach, not citing reactions for their value in sup- 
porting theory, but citing theory for its value in ex- 


plaining and predicting reactions, that makes this 
book so welcome to the man at the laboratory bench. 
As would be expected, in many instances the mech- 
anism of reaction may still be questionable, and in 
such cases the author makes this fact clear and pre- 
sents the possible ionic mechanism. He does not go 
into great detail offering proof on controversial points, 
however, so as to lose the continuity—this is as it 
should be, for the book is designed as a text, and 
also the organic chemist is usually perfectly willing 
to leave the physicochemical controversy to others 
better qualified. 

The text is arranged according to type of reaction 
mechanism, such as carbonium ion reactions, dis- 
placement reactions, additions, carbonyl reactions, 
substitutions, etc. The teacher of organic chemistry 
will be delighted to find ionic mechanisms projected 
for Kolbe synthesis, Wolff-Kishner, Haloform, 
Wurtz, Williamson’s, and Claisen reactions along 
with many other of the basic reactions. 

The wording is direct and clear, the discussions of 
factors influencing reaction mechanisms, solvent, 
ion-stability, polarizability, etc., being particularly 
well presented. There is sufficient background in- 
formation where needed to make the text under- 
standable to one whose physical chemistry has 
faded, and it is the reviewer's opinion that a course 
designed for advanced students based on this book 
need not have physical chemistry as a prerequisite. 

This book is recommended to all organic chem- 
ists. 


The Heterocyclic Derivatives of Phosphorus, Arsenic, 
Antimony, Bismuth, and Silicon. (Series: The 
Chemistry of Heterocyclic Compounds.) By 
FREDERICK GEORGE MANN. Interscience Pub- 
lishers, Inc., New York, 1950. ix + 180 pp. 
Illustrated. 15.5 x 23.5 cm. Price: Series Sub- 
scribers—$4.20; Non-Subscribers—$5.25. 

This book is the first of a series of monographs 
planned to present a comprehensive survey of the 
chemistry of heterocycles. The series should fill a 
large and serious gap in the chemical literature, and 
it promises to be a most useful reference for student 
and practicing chemist. 

The author of this first monograph has done an 
excellent job of arrangement, having presented the 
material in an orderly and logical fashion. The ma- 
terial is divided according to the nature of the 
hetero atom, the number of such atoms in the ring 
and size of rings; so that after one is familiar with 
the book he can easily locate a given type of molecule 
in the text without having to decide upon the exact 
nomenclature and frequently without reference to 
the table of contents or index. 

The author has presented the synthesis of com- 
pounds and their chemical reactions in clear, con- 
cise language, showing most of the reactions in dia- 
grammatic form. The largest section of this volume 
is devoted to compounds of arsenic, since compara- 
tively little work has been done with the other 
hetero atoms included in this group. 
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HESPERIDIN METHYL CHALCONE 


(A water soluble “Vitamin P” Drug) 


THE MANUFACTURING PHARMACIST now has available 
in one moderately priced material an infinitely soluble yet 
non-hygroscopic powder sufficiently stable for production 
of parenteral as well as peroral preparations. 


TO THE PHYSICIAN it provides a quickly assimilated yet 
safe drug...a completely water soluble derivative of citrus 
hesperidin. 


HESPERIDIN METHYL CHALCONE was developed by the 
Research Laboratories of The California Fruit Growers 
Exchange shortly after Szent-Gyorgyi’s announcement of 
“Vitamin P.” 


CALIFORNIA FRUIT GROWERS EXCHANGE 
PRODUCTS DEPARTMENT + ONTARIO, CALIFORNIA 


400 West Madison Street, Chicago, Illinois 99 Hudson Street, New York City 


SUPPLIED TO PHARMACEUTICAL FIRMS SERVING THE MEDICAL PROFESSION 


NOW AVAILABLE IN COMMERCIAL QUANTITIES! , 
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Brand Bottles 


FOR LONGER SERVICE LIFE 


Bottles used for preparation, storage or 
shipment of pharmaceuticals and anti- 
biotics can be an expensive item if they 
break easily, are attacked by contents 
or cannot withstand repeated steriliza- 
tion. That is why it will pay you to 
standardize on tough, durable PYREX 
Brand Bottles. 

Made from glass No. 7740, PYREX 
Brand Bottles are unusually resistant to 
physical and thermal shock. Repeated 


sterilization is possible. Chemically 


CORNING GLASS WORKS 


inert and resistant to chemical attack, 
there is no danger of product loss or 
contamination through change in pH. 
Long service life is assured. 

Especially designed for pharmaceuti- 
cal operations, PYREX Brand Bottles 
are available in standard sizes ranging 
from 60 ml to 12 gallons. Bottles can be 
made for special purposes such as in- 
travenous preparations. Let us know 
your requirements. Your inquiries will 
be promptly handled. 


CORNING, N. Y. 
Corning meant research ie 


hni eos Laboratory Glassware, Gloss Pipe, Plant Equipment, Lightingware, 
Gauge Glasses, Optical Glass, Glass Components 
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